Immunoregulation mediated by cell surface sulphydryl groups in rheumatoid arthritis by Brown-Galatola, Catherine Helen
        
University of Bath
PHD








Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Download date: 13. May. 2019
IMMUNOREGULATION MEDIATED BY CELL SURFACE SULPHYDRYL GROUPS
IN RHEUMATOID ARTHRITIS
Subm itted by-
C ath erin e  Helen Brow n-G alatola B .Sc. (H ons.) AIMLS
fo r  th e  Degree o f Doctor o f Ph ilosophy  
of th e  U n iv e rs ity  o f Bath t
1989
COPYRIGHT
A tte n tio n  i s  drawn to  th e  f a c t  th a t  co p y rig h t o f t h i s  th e s i s  
r e s t s  w ith  i t s  au th o r. T h is copy o f th e  th e s i s  has been su p p lied  on 
c o n d itio n  th a t  anyone who c o n su lts  i t  i s  understood  to  recogn ize  th a t  
i t s  co p y rig h t r e s t s  w ith  i t s  au th o r and th a t  no q u o ta tio n  from th e  
t h e s i s  and no in fo rm ation  d e riv ed  from i t  may be p u b lished  w ithou t the  
p r io r  consen t o f the  au th o r.
T h is th e s i s  may be photocopied  or le n t  to  o th e r  l i b r a r i e s  fo r  th e  
purpose of c o n s u lta t io n .
CaJU\e/w m l * *  tfrtun- G * l a h > k  ■
UMI Number: U018535
All rights reserved
INFORMATION TO ALL USERS  
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
Dissertation Publishing
UMI U018535
Published by ProQuest LLC 2014. Copyright in the Dissertation held by the Author.
Microform Edition ©  ProQuest LLC.
All rights reserved. This work is protected against 
unauthorized copying under Title 17, United States Code.
ProQuest LLC 
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346
UNIVERSITY OF BATH 
LIBRARY
;> - 2 O F E B 1 9 9 0
A PILE OF R4PERS IS SO 
MUCH MORE i mp r e s s i v e : 
THAN a  S T A CK  OF
FLOPPY DISKS
V W E N E V £ *  i T Y P E  T H e
T\Jt-S /* , TMli HAPPENS!
DEDICATIONS
T his th e s i s  i s  d e d ica te d  to  my fam ily  and my husband, 
Dr. G iovanni G a la to la , fo r  t h e i r  love , encouragem ent and p r a c t ic a l  
he lp  and sup p o rt th roughout th e  g r u e l l in g  ex p erience! I t  i s  a lso  
d e d ica te d  to  my l a t e  g ra n d fa th e r , Mr. George C ra ine  (1S02-1986).
A c k n o w le d g e m e n ts
I  would l ik e  to  thank  my su p e rv iso r D r.. H ick  H a ll fo r  h is  
p a tie n c e  and guidance th roughout th e  d u ra tio n  of t h i s  p ro je c t  and fo r  
th e  use o f th e  th e  BIRD L ab ora to ry  a t  th e  Bath A r t h r i t i s  re se a rc h  
c e n te r  and th e  h o s p i ta l  a d m in is tra to r  Hr. C. Q u in e ll fo r  a llow ing  me 
to  use th e  l ib r a r y  a t  th e  Royal N a tio n a l H o sp ita l fo r  Rheumatic 
D iseases (RNHRD).
I  would l ik e  to  ex p ress  my g r a te f u l  thanks to  a l l  th e  s t a f f  and 
p a t ie n t s  (p a s t  and p re s e n t)  a t  the  RNHRD who have so gen ero u sly  
donated th e i r  p rec io u s  blood and to  the  p h leb o to m is ts  Mrs. Joy  Farmery 
and Mrs. Brenda Windsor who took th e  blood fo r  me.
My thanks a lso  go to  a l l  my co lleag u es  in  th e  BIRD b u ild in g  who
have made my s ta y  such a  happy and memorable one and in  p a r t i c u la r  to
Mrs. Ann Smith, Dr. T in d ie  K a ls i and Dr. Tim S tevens fo r  t h e i r  
f r ie n d s h ip  and te c h n ic a l  ad v ice .
I  wish to  thank th e  Science and E ng ineering  R esearch C ouncil fo r  
f in a n c in g  me w ith  an In s ta n t  Award fo r  th e  p a s t  th re e  y e a rs .
F in a l ly  b u t by no means l e a s t  my thanks go to  D o tt. Ing . Paolo
G a la to la  who k in d ly  w rote th e  computer programs fo r  th e  g ra p h ic s  and
who to g e th e r  w ith  Dr. G iovanni G a la to la  has su p e rb ly  and e f f i c i e n t l y  




CARTOON............................................................................... ..............................  i i




ABBREVIATIONS................................................................................................  x i
CHAPTER 1 .1 : INTRODUCTION......................................................................  1
H is to r ic a l  background..................................................... 1
Rheumatoid a r t h r i t i s ....................................................... 2
The m u scu lo sk e le ta l m a n ife s ta tio n s  o f RA  5
E x t r a a r t i c u la r  m a n ife s ta tio n s  of RA...................... 6
The normal sy n o v ia l j o i n t  s t r u c t u r e ...................... 9
P athology of th e  rheum atoid j o i n t ..........................  13
P a th o g en esis  o f RA...........................................................  20
Im m unoregulation...............................................................  41
In v i t r o  fu n c tio n a l models fo r  su p p resso r
c e l l  a c t i v i t y ......................................................................  78
A etio logy  of RA.................................................................. 92
Im m unogenetics.................................................................... 95
Chemotherapy in  RA...........................................................  98
P a t ie n t  management..........................................................   107
The ro le  o f th e  SH group in  RA.................................  108
v
A nkylosing s p o n d y l i t i s ..................................................  133
P s o r ia t i c  a r t h r i t i s .........................................................  134
System ic lupus e ry them atosus............................   135
CHAPTER 1 .2 : AIMS........................................................................................ 139
CHAPTER 2 .1  MATERIALS.............................................................................  141
CHAPTER 2 .2  EQUIPMENT.............................................................................. 145
CHAPTER 3: METHODS............................   149
CHAPTER 4: RESULTS.....................................................................................  198
4 .1  Comparison o f serum t h io l  le v e ls  in  v a r io u s  
p a t ie n t  groups and n o rm als .......................................... 198
4 .2  Phenotypic  com parison of PBMNC in  RA NSAID
and n o rm als ..........................................................................  200
4 .3  S e t t in g  up th e  ELISA a s s a y ......................................... 201
4 .4  E f fe c t  o f PHMPSA on IgG s y n th e s is .........................  205
4 .5  Comparison o f IgG and IgM s y n th e s is  in
v a rio u s  p a t ie n t  groups and n o rm als........................  207
4 .6  E f fe c t  of 2-ME on IgG and IgM sy n th e s is
in  v a r io u s  p a t ie n t  groups and no rm als .................. 209
4 .7  E f fe c t  o f on ISO- s y n th e s is ............................... 210
4 .8  S e t t in g  up th e  CON-A induced su p p resso r c e l l
assay  fo r  su p p ress io n  of Ig  s y n th e s is .................. 211
4 .9  Comparison o f C0N-A induced su p p resso r c e l l  
a c t i v i t y  in  v a rio u s  p a t ie n t  groups
and n o rm als ..........................................................................  216
v i
4 .1 0  E f fe c t o f D-PEN trea tm en t “ in  v i t r o ” on CON-A 
induced su p p resso r c e l l  a c t i v i t y  in  RA NSAID..
4 .11  S e tt in g  up th e  s h o r t- l iv e d  su p p re sso r c e l l  
a s s a y ........................................................................................
4 .12  Comparison of SI in  v a rio u s  p a t ie n t  groups 
and no rm als ...........................................................................
4 .13  E f fe c t o f PHMPSA on “ in d u c tio n ” and 
“ a c t i v i t y ” o f CON-A induced su p p resso r
c e l l  ex p ress io n  in  n o rm als ..........................................
4 .14  E f fe c t of 2-ME tre a tm e n t on CON-A induced 
sup p ress io n  in  RA NSAID p a t i e n t s ............................
4 .15  E f fe c t  of ^2^2 on induced s u p p re s s io n . . .
4 .16  E f fe c t  of PHMPSA on mitogen s tim u la te d  
p r o l i f e r a t i o n ......................................................................
4 .17  E f fe c t of 2-ME tre a tm e n t on p r o l i f e r a t i o n
of RA NSAID c e l l s .............................................................
4 .18  E f fe c t of on m^ ° £ en s tim u la te d
p r o l i f e r a t i o n ......................................................................
4 .1 9  P roduction  o f “ educated  ” c e l l s  fo r  IL -2 
e s t im a tio n .............................................................................
4 .2 0  E f fe c t of PHMPSA on IL -2 p ro d u c tio n ......................
4 .21  Comparison of IL -2 p ro d uction  in v a rio u s  
p a t ie n t  groups and n o rm als ..........................................
4 .22  E f fe c t  o f PHMPSA on c e l l  su rfa c e  an tig en  















4 .23  E f fe c t o f PHMPSA on a b i l i t y  o f “ educa ted”
c e l l s  to  p r o l i f e r a t e  w ith  r - I L - 2 ...............................  251
4 .24  E f fe c t o f PHMPSA on a b i l i t y  o f r - IL -2  to
bind to  th e  IL -2 r e c e p to r ..............................................  256
4 .25  E f fe c t  o f PHMPSA on superoxide p ro d u c tio n
from n e u tr o p h i ls ................................................................ 261
CHAPTER 5 .1 : DISCUSSION..........................................................................  263
CHAPTER 5 .2 : CONCLUSION..........................................................................  344
CHAPTER 5 .3 : FUTURE AIMS........................................................................  348
REFERENCES FOR CHAPTER.1 ......................................................................  354
REFERENCES FOR CHAPTER.3 ......................................................................  411
REFERENCES FOR CHAPTER.4 ......................................................................  419
REFERENCES FOR CHAPTER.5 ......................................................................  425
PUBLICATIONS..................................................................................................  455
N.B. F ig u res  and ta b le s  were a llo c a te d  two numbers ( i . e .  4 .1 2 1 ), th e
f i r s t  r e f e r s  to  th e  c h a p te r , th e  second acco rd ing  to  th e  o rd e r in  
which th ey  a re  quoted w ith in  th e  c h ap te r . R eferences a re  numbered 
co n se c u tiv e ly  w ith in  each c h a p te r .
SUMMARY
Rheumatoid a r t h r i t i s  (RA) i s  an autoimmune d is e a s e  c h a ra c te r is e d  
by a derangem ent o f im m unoregulatory mechanisms in  th e  immune system  
and a ls o  by reduced th io l  (-SH) le v e ls  on c e l l  su rfa c e  p ro te in s  and 
so lu b le  p ro te in s .  The l a t t e r  p robab ly  r e s u l t s  from th e  inflam m atory 
n a tu re  o f th e  d ise a se  which causes p ro d u c tio n  o f r e a c t iv e  oxygen 
s p e c ie s  (ROS) from phagocy tic  c e l l s .  We q u estio n ed  what a sp e c ts  of th e  
im m unoregulatory c e l l  c i r c u i t s  could be -SH dependent, and w hether 
o x id a tio n  of im portan t c e l l  su rfa c e  -SH groups could account fo r  th e  
immunological a b n o rm a litie s  observed in  RA and th e  consequent c l i n i c a l  
improvement a f t e r  trea tm en t w ith  su lp h y d ra te  d rugs (D -P en ic illam in e , 
A uro th iom ala te , e t c . ) .
In  h e a lth y  c o n tro ls  Concanavalin-A  induced su p p resso r “ activ ity**  
b u t n o t i t s  “ induction**, was found to  be in h ib i te d  fo llo w in g  
para-hydroxym ercuriphenylsu lphonic  ac id  (PHMPSA -  an i r r e v e r s ib le  
su rfa c e  -SH b lo c k e r)  in cu b a tio n , and RA p a t ie n t s  on NSAID showed 
im paired CON-A induced su p p resso r a c t i v i t y  fo r  sup p ress io n  o f B -c e ll  
re sp o n se s , which could be improved in  v i t r o  by 2-M ercaptoethanol (2-ME 
-  a  -SH reduc ing  ag en t) o r su lp h y d ra te  d rugs in  v iv o . D efec tiv e  CON-A 
induced su p p ress io n  of T - c e l l  re sp o n ses , im provable by 2-ME tre a tm e n t 
was a lso  n o te d .in  fo u r RA NSAID p a t ie n t s .
T - c e l l  p r o l i f e r a t io n  in  response  to  CON-A, PHA, PWM, o r anti-CD3 
Mab, was found to  be in h ib ite d  by p r io r  tre a tm en t w ith  PHMPSA, as was 
p r o l i f e r a t i o n  o f “ educated** c e l l s  in  response to  rIL -2 , so too  was 
p r o l i f e r a t i o n  on trea tm en t w ith  PHMPSA a f t e r  p roduction  of “ educated**
ix
c e l l s .
The exp ression  o f v a rio u s  T - c e l l  an tig e n s  involved 'in
immunoregulation (e .g .  CD2, CD3, CD4, CD8, CD45R, CDW29 and o th e r
su rfa ce  Ag -  e .g . CD11, CD57, CD37), and bo th  th e  in d u c tio n  and the
ex p ress io n  o f CD25 and HLA-DR were n o t in h ib ite d  by PHMPSA tre a tm e n t.
PHMPSA d id  n o t in h ib i t  IL -2  p roduction  from norm als and 2-ME d id  n o t
in c re a se  IL-2 p roduction  in  RA NSAID, which was n o t s ig n i f i c a n t ly
d i f f e r e n t  from norm als. 2-ME d id  however improve p r o l i f e r a t i o n  o f RA
125c e l l s  in  response to  m itogens. The a b i l i t y  o f I - IL -2  to  b ind  to  the
IL-2 re c e p to r  was s l i g h t l y  in h ib i te d  by PHMPSA p re tre a tm e n t, lik e w ise  
re c e p to r  m ediated (FMLP) b u t n o t n o n -rec ep to r m ediated (PMA) 
s tim u la tio n  of superox ide p roduction  in  n e u tro p h ils  was t h io l  
dependent, perhaps, as fo r  th e  IL-2 re c e p to r  by PHMPSA in h ib i t in g  FMLP 
b in d in g  o r a l t e r a t i v e ly  in h ib i t in g  s ig n a l  tra n sd u c tio n .
R esu lts  from experim ents c a r r ie d  o u t w ith  (a  p h y s io lo g ic a l
o x id is in g  ag en t) p a r a l le l l e d  those  u sin g  PHMPSA.
A r e la t io n s h ip  was hypo thesised  between ra is e d  le v e ls  o f ROS 
lead in g  to  reduced c e l l  su rfa c e  -SH le v e ls  and su bsequen tly  d e fe c t iv e  
su p p resso r c e l l  a c t i v i ty .  Hypofunction in  v a r io u s  su p p resso r c e l l  
c i r c u i t s  ( s h o r t  liv e d  su p p resso r c e l l  a c t i v i t y ,  CON-A induced 
su p p ress io n  o f T- and B -c e ll  re sp o n ses) v i t a l l y  im portan t in 
im m unoregulation was noted in  RA NSAID, and th e se  could p la y  a 
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1CHAPTER 1 . 1  -  INTRODUCTION
HISTORICAL BACKGROUND
Rheumatic d is o rd e rs  have been recognized  s in c e  th e  f i f t h  c en tu ry  
B.C. u s u a lly  p a ss in g  under th e  g en era l term  “ a r th r it is* *  (Greek a r th ro n  
= j o i n t ,  i t i s  = inflam m ation) meaning inflam m ation o f j o i n t s .  The term  
rheumatism was probab ly  in troduced  by Galen in  m edieval tim es when (a t  
th a t  tim e p a in  was thought to  be caused by one of th e  fo u r c a rd in a l  
“ humours** (L. l iq u id s ) .
Although rheum atic c o n d itio n s  a re  among the  most a n c ie n t o f human 
d is e a s e s ,  p a ra d o x ic a lly  rheum atology i s  one o f th e  most modern 
b ranches o f m edicine. By 1953 i t  became a s p e c ia l i ty  in  i t s  own r ig h t  
and in c lu d es  th e  s tudy  o f d is e a s e s  such as rheum atic fe v e r , go u t, 
o s t e o a r t h r i t i s  (OA), rheum atoid a r t h r i t i s  (RA), s o f t  t i s s u e  
rheum atism , s p o n d a r th r i t id e s  in c lu d in g  ankylosing  s p o n d y li t is  (AS), 
p s o r i a t i c  a r t h r i t i s  (PSA), R e ite rs  d ise a se  and e n te ro p a th ic  a r t h r i t i s  
and co n n ec tive  t i s s u e  d is e a s e s  in c lu d in g  system ic lupus ery them atosus 
(SLE), sy stem ic  s c le r o s is  (SS) and mixed connec tive  t i s s u e  d is e a s e s  
(MCTD).
In t h i s  p ro je c t  I have been s p e c i f ic a l ly  in te r e s te d  in  rheum atoid 
a r t h r i t i s ,  u s in g  AS, PSA and SLE p a t ie n ts  fo r  com parative purposes 
on ly .
2RHEUMATOID ARTHRITIS
A rcheo log ica l ev idence fo r  RA i s  sca n ty  and t h i s ,  coupled w ith  
th e  absence o f conv incing  e a r ly  d e s c r ip t io n s  has ra is e d  th e
p o s s ib i l i t y  th a t  th e  d is e a s e  may be one o f f a i r l y  re c e n t tim es, b e in g
th  1sca rc e  b e fo re  th e  18 cen tu ry .
R obert Adams (1791-1875) can reaso n ab ly  be regarded  as  th e  
p io n e e r in  rheum atoid patho logy . Landre-B eauvais i s  u s u a lly  c re d ite d  
w ith  th e  f i r s t  c le a r  d i f f e r e n t i a t io n  of th e  d is e a s e , which he c a l le d  
“g o u tte  a s th en iq u e  p r im it iv e ” in  h is  d o c to ra l  th e s i s  of 1800. A lfred  
G arrod proposed th e  name “ Rheumatoid a r t h r i t i s ” in  th e  1 9 ^  c en tu ry  to  
re p la c e  many a l t e r n a t iv e s  such as rheum atic  g o u t, ch ro n ic  rheum atic  
a r t h r i t i s ,  and h is  son S ir  A rchibald  Garrod con tinued  th i s  work in to  
th e  2 0 ^  cen tu ry . Jean -M artin  C harcot (1825-1893) l e f t  draw ings of th e  
c l i n i c a l  d e fo rm a tie s  o f the  hands in RA, b u t stubbon ly  c l a s s i f i e d  a l l  
forms of ch ro n ic  a r t h r i t i s  a s  “ Rheumatisme a r t i c u l a i r e ” and so held  up 
p ro g re ss  in  th e  f i e l d .
We now use th e  term  “ Rheumatoid A r t h r i t i s ” (RA) to  d e sc r ib e  a 
“ u b iq u ito u s  ch ron ic  inflam m atory d iso rd e r  o f unknown a e tio lo g y  which 
c h a r a c t e r i s t i c a l l y  e f f e c t s  th e  sy n o v ia l j o i n t s ” [1 ] . Most d o c to rs  use 
th e  ARA c r i t e r i a  fo r  i t s  d ia g n o s is  (T able 1 .1 ) .  I t  i s  a d is e a se  in 
which th e  c o n tro l o f inflam m ation and immunological p ro ce sses  seem to  
be a b e r ra n t . I t  has a  worldwide d i s t r ib u t io n  and in  w estern  
communities i s  found in  1% of the  a d u lt  p o p u la tio n . I t  i s  more 
p re v a le n t in  fem ales then  men (3 :1 )  [2 ] , however a f t e r  th e  menopause
3T able  1.1 Am erican Rheum atism  Association diagnostic  
criteria for rheumatoid arthritis. D iagnostic  classes divided  
into: ‘classic’ rheumatoid arthritis: > 7  criteria; ‘def in ite ’ 
rheum atoid arthritis: 5 or 6 criteria; ‘probable’ rheumatoid  
arthritis: 3 or 4 criteria; ‘poss ib le’ rheumatoid arthritis: 1 or 2 
criteria.
C riteria
(1) M orning stiffness
(2) Joint pain on m otion or tenderness
(3) Sw ellin g  o f  a joint
(4) Second  jo in t involvem ent
(5) Sym m etric jo int involvem ent
(6) Su bcutan eou s nodules
(7) P ositive  rheum atoid  factor test
(8) X -ray erosion s
(9) P oor synovial fluid m ucin precipitate
(10) P ositive  synovial biopsy
(11) P ositive  nodule  b iopsy
th e  r a t i o  becomes 1:1 in d ic a tin g  p o s s ib le  hormonal in flu e n c e s  wich may­
be a t  p lay . T h is idea  i s  fu r th e r  enhanced by th e  f a c t  th a t  women w ith  
RA o f te n  improve d u rin g  pregnancy and worsen a fte rw a rd s . The o n se t of 
th e  d is e a se  i s  20 to  60, a lthough  i t  most f r e q u e n tly  appears in th e  
age group 35-45, so i t  i s  a  young to  m iddle age d is e a s e , b u t even 
c h ild re n  can p re se n t w ith  a  sev e re  form of RA termed “Ju v e n ile  
Rheumatoid A r t h r i t i s ” (JRA).
The o n se t of RA can be a cu te , in s id io u s , or p a lind rom ic . P a t ie n ts  
p re s e n t w ith  j o i n t  p a in , j o i n t  s t i f f n e s s  ( p a r t i c u la r ly  in th e  e a r ly  
morning, d e sc rib ed  as  “ e a r ly  morning s t i f f n e s s ” (EMS)), sw e llin g  and 
system ic  s ig n s  in  response  to  t h i s  inflam m ation which in c lu d e  low 
g rade  fe v e r , w eight lo s s  and f a t ig u e .
With acu te  o n s e t , j o in t  symptoms appear w ith in  a few days or 
weeks, a f f e c t in g  many j o i n t s  in  a sym m etrical fa sh io n . Most p a t ie n t s ,  
however, have an in s id io u s  o n se t where symptoms emerge over s e v e ra l 
months, g ra d u a lly  in v o lv in g  more j o i n t s  in  a roughly  b i l a t e r a l
d is t r ib u t io n .  With pa lindrom ic  o n se t, symptoms f l i t  between j o i n t s ,  
l a s t in g  fo r  on ly  a few hours o r days each tim e over a p e rio d  o f 
s e v e ra l weeks o r months b e fo re  becoming p e r s i s t e n t  in  n a tu re . The 
p rognosis i s  worse i f  th e  p a t ie n t  i s  young ( a t  th e  tim e o f o n s e t) , 
female and s e ro p o s it iv e  fo r  IgM rheum atoid f a c to r  (RF, see  l a t e r ) ,  o r 
i f  th e re  i s  m ultisystem  involvem ent, compared to  i f  th e  p a t ie n t  i s  
e ld e r ly  ( a t  th e  tim e o f o n s e t) , male and se ro n eg a tiv e  fo r  IgM RF o r in  
whom involvem ent i s  r e s t r i c t e d  to  th e  m u scu lo sk e le ta l system . The 
p ro g n o sis  i s  a ls o  b e t t e r  i f  th e re  i s  ra p id  o n se t than  i f  i t  i s  s t a r t s  
in s id io u s ly .
Except w ith  severe  m ultisystem  involvem ent, i t  p robab ly  does n o t 
reduce lo n g e v ity  bu t i t  c e r ta in ly  reduces th e  q u a l i ty  o f l i f e  and 
re q u ire s  s to ic ism , common sen se , p a tie n c e  and optimism from the  
p a t ie n t .  In  th e  words o f one s u f f e r e r ,  Dorothy Eden ( n o v e l i s t ) ,  “ th e  
most profound th in g  anyone ever to ld  me about RA was th a t  i t  w o u ldn 't 
k i l l  me, b u t as  l ik e  as n o t i t  would make me wish I was dead. In s te ad  
of f ly in g  through l i f e  on th e  wave o f achievem ent I 'v e  sp en t my most 
p ro d u c tiv e  y e a rs  w atching my body d is in te g r a te  in to  u s e le s s  tw is ts  and 
g n a r ls ,a n d  I have g ro v e lle d  in  f r u s t r a t i o n ” .
10% o f people show s h o r t  l iv e d  p o ly a r t h r i t i s  fo llow ed by 
su s ta in e d  rem issio n , 10% show r e le n t l e s s ly  p ro g re s s iv e  p o l y a r t h r i t i s  
and over 80% show re la p s in g  and re m itt in g  a d d itiv e  a r t h r i t i s .  50% 
become s ig n i f ic a n t ly  d isa b le d  10 y e a rs  a f t e r  o n se t [3 ] . F o r tu n a te ly ,
w ith  modern management te ch n iq u es , th e  d is e a s e  can be c o n tro lle d  in
th e  m a jo r ity  o f p a t ie n ts  and on ly  le s s  than 10% become com pletely
d is a b le d .
5THE MUSCOLOSKELETAL MANIFESTATIONS OF RA
These a re  th e  s ig n s  th a t  he lp  th e  p h y s ic ian  to  c l a s s i f y  an 
in d iv id u a l a s  having RA, s in c e  they  a re  very  d i s t i n c t i v e  to  RA, which, 
u n lik e  o th e r  rheum atic d is o rd e rs ,  shows 44sym m etrical inflam m atory 
p o ly a r t ic u la r  involvement**.
The sy n o v ia l j o i n t s  involved a re  in  th e  hands (PIP, MCP b u t 
r a r e ly  DIP j o i n t s ) ,  w r is ts ,  elbows, sh o u ld e rs , c e rv ic a l  and upper 
sp in e , h ip s , knees, a n k le s , f e e t  (MTP b u t r a r e ly  IP j o i n t s )  and jaw , 
so v i r t u a l l y  any sy n o v ia l j o i n t  in  th e  body, re g a rd le s s  of i t s  s iz e ,  
can be a f fe c te d .
U su a lly  th e  f i r s t  j o i n t s  to  be a f fe c te d  a re  th e  sm all j o i n t s  of 
th e  hands, w r is ts ,  f e e t  and knees, bu t as  th e  d is e a se  p ro g re s se s , 
la rg e r  j o i n t s  become invo lved , in c lu d in g  th e  elbow s, sh o u ld e rs , h ip s , 
a n k le s , s u b tu la r  and s te rn o c la v ic u la r  j o i n t s  and upper c e rv ic a l  
reg io n s  o f th e  sp in e .
In a c t iv e  d is e a se  the  j o i n t s  a re  inflammed, p a in fu l  and each can 
be c l a s s i f i e d  accord ing  to  th e  degree  of each of th e  f iv e  c a rd in a l 
s ig n s  of inflam m ation, i . e .  tumor (s w e llin g ) , rubo r ( re d n e ss ) , c a lo r  
( in c re a se d  sk in  te m p e ra tu re ) , d o lo r  (p a in ) ,  lo s s  o f fu n c tio n  as w ell 
a s  d e fo rm ity , ten d e rn ess , abnormal range o f movement, i n s t a b i l i t y  and 
c r e p i tu s .  The a r t i c u l a r  inflam m ation may go in to  rem issio n , as  s ta te d ,  
b u t g e n e ra lly  co n tin u es  to  cause “ p ro g re ss iv e  j o i n t  d e s tru c t io n  and
I
d efo rm ity  lead in g  to  v a rio u s  d eg rees  of d is a b i l i ty * ’ .
6R ad io lo g ica lly  RA p a t ie n ts  show c h a r a c te r i s t i c  rad io g rap h ic  
changes -  th e re  i s  ev idence o f lo s s  o f j o i n t  space and m arginal 
e ro s io n s  a f t e r  p e r s i s t e n t  s y n o v it is .  Such changes a re  p re v e n ta b le  bu t 
n o t r e v e r s ib le  by second l in e  a n tirh e u m a tic  d rugs (se e  l a t e r ) .  '
A lthough a d is e a s e  a f f e c t in g  sy n o v ia l j o i n t s  th e  system ic  n a tu re  
of RA i s  emphasized by th e  c o n s t i tu t io n a l  symptoms seen in  th e  d is e a s e  
as  d e sc rib e d  below.
EXTRAARTICUALAR (EA ) MANIFESTATIONS OF RA
75% o f RA p a t ie n t s  a re  b e liev ed  to  e x h ib it  one o r more 
m a n ife s ta tio n s  of EA d is e a s e  [4 ] .
These in c lu d e  g e n e ra l c o n s t i tu t io n a l  symptoms o f m a la ise , w eight 
lo s s ,  fe v e r  and la s s i tu d e  [5 ] , Some degree  o f anaemia i s  found in 
alm ost a l l  RA p a t ie n t s ,  a f in d in g  common to  most ch ro n ic  inflam m atory 
c o n d itio n s  [6 ] . In  a d d it io n , EA m a n ife s ta tio n s  can occur in v o lv in g  a 
number o f o th e r  t i s s u e s  of th e  body summarized in  Table 1 .2 . The 
appearance o f such fe a tu re s  g e n e ra l ly  occu rs  in  s e ro p o s it iv e  p a t ie n t s  
(se e  l a t e r ) .  Of th e se  th e  most common m a n ife s ta tio n  i s  subcutaneous 
n o d u les, which appear a t  some tim e in  about 20 to  25% of p a t i e n t s  who 
a re  alm ost in v a r ia b ly  s e r o p o s i t iv e .  The nodules a re  firm  m asses, 
v a ry in g  in  s iz e  and shape w ith in  subcutaneous o r deeper connec tive  
t i s s u e s .  H is to lo g ic a l ly  th e  rheum atoid nodule i s  composed o f a c e n t r a l  
a re a  o f n e c ro s is  surrounded by a p a l is a d e  o f e p ith e lo id  c e l l s  w ith  a 
v a r ia b le  degree of lymphocyte and plasm a c e l l  i n f i l t r a t i o n  and 
v a s c u l i t i s .  The nodules may appear, d isap p e a r and reappear a t  any











Bland e n d a r te r i t i s ;  necrotizing a r t e r i t i s ,  
serious; rheumatoid nodules 
Mainly p e r ic a rd i t is  
Pleurisy; f ib ro s is
Symmetrical sensory, mild; patchy motor and 
sensory, serious.
Dryness (Sjogren 's syndrome), common;
s c l e r i t i s  r a re ,  ominous
Not ra re ;  local or general
Rare; with leucopenia = F e l ty 's  syndrome
Mainly amyloid, or drug induced
Muscular wasting
tim e. Although they  r a r e ly  cause*problems* they  c ^ n - 'b re a k  jMwn and
\ r ^ ° "  ' o - - " 'become in fe c te d . U nlike th e  syrtoVial membrane^of p a t ie n t s ,  where
th e re  a re  lo t s  of HLA-DR+ T c e l l s \ m o s t l y  CD4+), i f f  a  nodule th e re  a re
_ .gf'
fewer lym phocytes, th e  T c e l l  CD4:CD© r a t io ^  i s  normal and HLA-DR
exp ress io n  i s  m ainly on macrophages.
As s ta te d ,  a wide v a r ie ty  of v a s c u l i t i c  le s io n s  o f te n  occur in
RA, g e n e ra lly  in  those  p a t ie n ts  w ith  lo n g stan d in g  d is e a s e  and high
rheum atoid f a c to r  t i t r e s  and nodu les; in  f a c t ,  v a s c u l i t i s  i s  thought 
to  be re sp o n s ib le  fo r  many of th e  o th e r  m a n ife s ta tio n s  of EA d is e a s e . 
The p o s s ib i l i t y  th a t  th e  v a sc u la r  in ju r i e s  a re  th e  r e s u l t  o f
oxygen-free  r a d ic a ls  damaging im portan t su lp h y d ry 1 -co n ta in in g  
compounds needed fo r  v a sc u la r  in te g r i t y  and blood flow  i s
s u b s ta n tia te d  from f i e l d s  o th e r  than  rheum atology, e .g . 
g a s tro e n te ro lo g y , where i t  i s  common knowledge th a t  su lp h y d ry l d rugs 
a f fo rd  c y to p ro te c tio n  to  th e  g a s t r i c  mucosa.Most o f v a s c u l i t i c  le s io n s  
a re  c l i n i c a l l y  benign , such as  those  a f f e c t in g  th e  d i g i t a l  blood 
v e s s e ls  c h a ra c te r iz e d  p a th o lo g ic a l ly  by in tim a l p r o l i f e r a t i o n  c a l le d  
b land  e n d a r t e r i t i s .  R arely , some p a t ie n t s  (1.85%) develop  a v ic io u s  
n e c ro t is in g  a r t e r i t i s  c a l le d  m alignan t a r t h f i t i s  cau s in g  n e c ro s is  o f 
th e  s k in , d i g i t a l  gangrene, n eu ro p a th ic  le s io n s  and v is c e r a l  in farction  
which may lead to  d e a th . F o r tu n a te ly , t h i s  ex p lo s iv e  a r t e r i t i s  occurs  
v e ry  in fre q u e n tly . One o r more o f th e se  EA m a n ife s ta tio n s  can appear 
in s id io u s ly  w ithou t be ing  n e c e s s a r i ly  l i f e  th re a te n in g . The 
p a th o g en es is  o f rheum atoid v a s c u l i t i s  i s  u n c le a r , though i t  i s  though t 
th a t  d e p o s it io n  o f c i r c u la t in g  immune-complexes (IC s , see  l a t e r )  may 
p la y  an im portan t r o le .  However, th e  ex ac t r e la t io n s h ip  to  v a sc u la r
8damage has y e t to  be f u l l y  understood .
V ascular problem s tend to  occur e i th e r  in  lo n g stan d in g  RA, when 
very  o f te n  th e re  i s  no a c t iv e  s y n o v it is  because th e  j o i n t s  have been 
damaged beyond r e p a ir  -  so c a l le d  “b u rn t-o u t RA" -  o r a b ru p tly  a t  any 
time and sim u ltan eo u sly  sy n o v ia l and a r t i c u l a r  d is e a s e  becomes 
c l i n i c a l l y  in a c t iv e . T here fo re  in  th i s  th e s i s  such p a t ie n t s  were 
avoided and on ly  p a t ie n t s  showing a c t iv e  s y n o v it is  were used.
A c o n d itio n  c a lle d  F e l t y 's  Syndrome o ccu rs  in  1% of RA p a t ie n ts  
[1 ] . T his v a r ia n t  o f ch ro n ic  RA was f i r s t  d e sc rib e d  in  1924 and 
re p re se n ts  a very  sev e re  foym of rheum atoid d is e a s e  which i s  
a s so c ia te d  w ith  splenom egaly and n eu tro p en ia  [7 ] . Skin 
hyperp igm entation , leg  u lc e r s ,  anaem ia, throm bobocytopenia and 
g e n e ra lis e d  lymphadenopathy may a lso  be accompanying f e a tu re s  [8 ] . The 
a r t h r i t i s  i s  u su a lly  a t  an advanced s ta g e  w ith  numerous j o i n t  
d e fo rm it ie s  and f re q u e n tly  appears  as  a  b u rn t-o u t d is e a s e , a lthough  
can appear as  se v e re ly  a c t iv e  d is e a s e . High rheum atoid f a c to r  t i t r e s  
a re  o fte n  observed in  th e se  p a t ie n t s .  I t  has been suggested  th a t  
hypersplenism  i s  th e  cause o f th e  n eu tro p en ia , b u t in  some p a t ie n ts  
th e  n eu tro p en ic  abnorm ality  does n o t respond to  splenectom y.
Since RA i s  d e fin ed  as  a “ sym m etrically  inflam m atory 
p o ly a r th r i t i s  in v o lv in g  predom inan tly  th e  sm all j o i n t s  bu t which may 
e v e n tu a lly  e f f e c t  alm ost a l l  th e  sy n o v ia l j o i n t s  in  th e  body", i t  i s  
n ecessa ry  to  understand  the  p a th o lo g ic a l changes th a t  occur in  such 
jo i n t s .  But f i r s t  i t  i s  n ecessa ry  to  d e sc r ib e  th e  s t r u c tu r e  o f normal 
sy n o v ia l j o i n t s .
9THE NORMAL SYNOVIAL JOINT STRUCTURE
Within the human body th e re  a re  two types of j o i n t s ,  c a l led  
synovial j o i n t s  and c a r t i la g in o u s  j o i n t s ,  bu t only the former are 
e ffec ted  in RA. A synovial j o i n t  can be defined  as “ two a r t i c u l a t i n g  
ends of bone covered by hyaline  c a r t i l a g e  and enclosed in a capsule  
lined  by f in e  synovial t i s s u e  enclosing  a p o te n t i a l  j o i n t  space“ . 
These can be f u r th e r  d iv ided  in to  those with an a r t i c u l a r  d is c  in  the 
j o i n t  space (s p in a l  synovial j o i n t s )  or those with no a r t i c u l a r  d isc  
in the  j o i n t  space, c a l le d  d iarth rod ial j o i n t s  and most of these  are 
p e r ip h e ra l .  There are  s ev e ra l  types of synovial j o i n t s  th a t  can be 
c l a s s i f i e d  according to  the  shape of t h e i r  a r t i c u l a t i n g  su rfa ce s  which 
in tu rn  determ ines the  type and ex ten t  of j o i n t  motion. The seven 
types of a r t i c u l a t i n g  su rface s  a re  i l l u s t r a t e d  in Fig. 1.1.
F ig .  1 .1 .  S u m m a ry  o f  
d ifferen t ty p e s  o f  
sy n o v ia l jo int
Plane j o i n t s  include carpa l and t a r s a l  j o i n t s  of the  w r is t  and the 
ankle r e s p e c t iv ly ,  sphero ida l j o i n t s  (a ls o  c a l led  b a l l  and socke t)  
include the j o i n t s  in the shoulder and hip . Simple c o ty l ic  include MCP 
j o i n t s  of f in g e rs .  Compound c o ty l ic  include ra d io ca rp a l  j o i n t s  of the
C oty lic  (s im p le ) C oty lic  (co m p o u n d )S p h ero id a l
V/
H in g e
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w r is t ;  hinge j o i n t s ,  e .g .  in te rp h a la n g e a l j o i n t s  o f th e  hand and f e e t  
and elbow jo i n t s ;  condy lar j o i n t s ,  e .g . knee; tro c h o id  (a ls o  c a l le d
p iv o t)  j o i n t s ,  e .g .  p roxim al ra d io -u ln a r  j o i n t s ;  and f i n a l l y  sad d le  
(a ls o  c a l le d  s e l l a r )  j o i n t s ,  e .g . carpom etacarpal j o i n t  o f th e  thumb.
A diagram m atic re p re s e n ta t io n  o f a ty p ic a l  sy n o v ia l j o i n t  u s in g  a
sp h e ro id a l j o i n t  to  i l l u s t r a t e  i t s  f e a tu re s  i s  shown in  F ig . 1 .2 . In
a l l  c ases  th e  sy n o v ia l j o i n t s 's t r u c t u r e  i s  as fo llo w s: 
sy n o v ia l j o i n t s  p o sse ss  a .io in t c a v ity  which p e rm its  them to  be f r e e ly  
movable. Such j o i n t s  a re  encompassed by a cap su le  c o n s is t in g  o f a 
dense f ib ro u s  o u te r  la y e r  (fib rosum ) which d im in ish es  tow ards th e  
a r t i c u l a r  c a v ity  g iv in g  way to  a  th in  l in in g  o f sv n o v ia l membrane (SM) 
a lso  c a l le d  th e  synovium. T his membrane e n c a p su la te s  th e  whole o f th e  
a r t i c u l a r  c a v ity  excep t a t  those  p la c e s  where th e  ends o f th e  opposing 
bones a re  covered by a r t i c u l a r  h v a lin e  c a r t i l a g e . The sy n o v ia l c a v ity  
i s  f i l l e d  w ith  a h ig h ly  v isco u s  f lu id  c a l le d  th e  sv n o v ia l f lu id  (S F), 
which lu b r ic a te s  the  j o i n t  su r fa c e s .
The SM i s  considered  to  c o n s is t  o f two b a s ic  la y e r s .  The innerm ost
la y e r  l in in g  the  sy n o v ia l c a v ity  i s  known as  th e  “ in tim a l la y e r” and 
i s  p redom inantly  c e l l u l a r  w ith  an abundant b lood supp ly . The in tim a l 
la y e r  l i e s  upon a le s s  v a sc u la r  subsynov ia l la y e r  c o n s is t in g  of a 
meshwork o f connec tive  t i s s u e .  T h is  can be m ainly a r e o la r ,  f ib ro u s  o r 
f a t t y  in  i t s  n a tu re  depending on i t s  lo c a tio n  in  th e  j o i n t .  The o u te r  
p a r t  o f t h i s  subsynovium merges w ith  the  fibrosum  of th e  c ap su le . The 
b a s ic  fu n c tio n s  o f th e  SM a re  th e  p roduction  o f th e  sy n o v ia l f lu id  and 
th e  removal o f d e b r is  and fo re ig n  m a te r ia l from th e  sy n o v ia l c a v ity . 













 SF IN JOINT CAVITY
______________________TENDON
N orm al diarthrodiaJ jo in t show ing the relationship betw een the synovial m em brane and the o th er principal anatom ic 
com ponents.
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c a l le d  sv nov iocv tes  [9 ] . The predom inant c e l l  type  i s  termed type A, 
and i s  c h a ra c te r iz e d  by i t s  la rg e  number o f o rg a n e lle s  in c lu d in g  
numerous lysosomes and v acuo les and sm all amounts of endoplasm ic 
re tic u lu m . These c e l l s  resem ble macrophages in  t h e i r  c h a r a c te r i s t i c s ,  
be ing  a c t iv e  in  p h ag o cy to sis  and s e c re t io n  and a re  involved  in  the  
removal o f m a te r ia l  fro m ^ jo in t space . In  c o n tr a s t ,  th e  type  B c e l l s
have few o rg a n e lle s  and p o sse ss  abundant endoplasm ic re tic u lu m , and 
resem ble f ib r o b la s t s .  These c e l l s  a re  though t to  produce th e  p ro te in s  
and h y a lu ro n a te  o f th e  sy n o v ia l f lu id .  In  a d d itio n  th e re  a re  some 
c e l l s  th a t  sh a re  th e  f e a tu re s  o f bo th  m ajor c e l l  ty p e s ; th e se
in te rm e d ia te  c e l l s  have been termed type AB c e l l s  by G h ad ia lly  [10 ],
who su g g es ts  th a t  type  A and B c e l l s  a re  n o t d i s t i n c t  ra c e s  o f c e l l s
b u t m erely re p re se n t d i f f e r e n t  fu n c tio n a l phases o f th e  same b a s ic
c e l l .
Synovial f lu id  i s  e s s e n t i a l ly  a  d ia ly s a te  o f plasm a [11] to  which 
2% o f h y a lu ro n a te  has been added. T his h y a lu ro n a te  ^produced by type B 
c e l l s  o f th e  synovium i s  a h igh  m olecu lar w eight glycosam inoglycan 
re s p o s ib le  fo r  th e  v i s c o s i ty  o f th e  f lu id  and hence e s s e n t ia l  to  i t s  
lu b r ic a t in g  p ro p e r t ie s .  The SF i s  norm ally  c le a r ,  c o lo u r le s s  and does 
n o t c lo t  due to  th e  absence o f f ib r in o g e n . I t  b a th es  th e  a r t i c u l a r  
su r fa c e s  s e rv in g  as a source  of n u t r i e n t  fo r  th e  c a r t i l a g e ,  i t  a lso  
c a r r i e s  m a te r ia l  r e s u l t in g  from th e  d a i ly  wear and te a r  w ith in  the  
j o i n t  to  type A c e l l s  fo r  removal by p h ag o cy to s is . The . SF c o n ta in s  
v e ry  few c e l l s  and th o se  th a t  a re  p re se n t a re  thought to  be d e riv ed  
from th e  SM lin in g  th e  space.
The a r t i c u l a r  h y a lin e  c a r t i l a g e  appears m acro sco p ica lly  as a
smooth g l is te n in g  s t r u c tu r e  covering  th e  ends o f opposing bones and is  
th e  w eight b e a rin g  su rfa c e  of th e  j o i n t .  In  a d u lts  i t  i s  an a v a sc u la r , 
an alym phatic and a n eu ra l t i s s u e ,  b u t i s  m e ta b o lic a lly  a c t iv e  and i s  
composed o f a sm all number o f c e l l s  c a l le d  chondrocytes which 
s y th e s is e  th e  o th e r  components of th e  c a r t i l a g e  s t r u c tu r e ,  namely an 
abundant m a trix  and f ib r e s .  The c a r t i l a g e  d e r iv e s  n u t r i e n t s  from the  
SF by d i f f u s io n .  The m a trix  c o n s is ts  o f a framework o f co llag en  
f i b r i l s  (m ainly  co llag en  type  I I ) ,  which a re  composed o f th re e  c o ile d  
p o ly p ep tid e  ch a in s  a rranged  in to  a t r i p l e  h e l ix  c o n f ig u ra tio n . These 
m olecules a re  q u a r te r  s tag g e red  to  each o th e r  to  from th e  f i b r i l s  
which in  tu rn  form th e  f ib r e s .  The l a t t e r  vary  in  th ic k n e ss  and 
d i s t r ib u t io n  w ith in  th e  c a r t i l a g e  [8 ] . The co llag en  f ib r e s  e n tra p  a 
ground su b stance  r ic h  in  w ater and p ro teo g ly can s  . The p ro te o g ly c an s  
com prise re p e a tin g  d is a c c h a r id e  su b u n its  lin k ed  c o v a le n tly  to  ai
p ro te in  co re  and co n ta in  m ainly chondroitin su lp h a te  A and C and 
kerata.n su lp h a te  [8 ] . These a re  a tta ch e d  v ia  a  l in k  p ro te in  to  
hy a lu ro n a te  form ing la rg e  ag g reg a te s  which a re  trapped  in  th e  co llag en  
netw ork. The fu n c tio n s  of a r t i c u l a r  c a r t i l a g e  depend on i t s  r e s i l i e n c e  
and load b e a rin g  p ro p e r t ie s .  These a re  due to  the  osm otic p re s su re  of 
w ater taken  up by th e  p ro teo g ly can s (which a re  v isco u s  and 
h y d ro p h ilic )  cau sin g  th e  co llag en  netw ork to  sw e ll, however i t  i s  
re ta in e d  and r e s tr a in e d  by th e  netw ork o f co llag en  f ib r e s  th u s  g iv in g  
c a r t i l a g e  i t s  firm n ess  and e l a s t i c i t y  [1 0 ]. S ince the  chondrocytes 
have lo s t  much o f t h e i r  a b i l i t y  to  undergo m ito t ic  d iv is io n , 
re g e n e ra tio n  o f c a r t i l a g e  i s  lim ite d  a f t e r  damage o r d e s tr u c t io n .
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PATHOLOGY OF THE RHEUMATOID JOINT
C o rrec t m echanical fu n c tio n in g  o f th e  j o i n t  depends on 
m aintenance o f normal j o i n t  a r c h i te c tu r e .  In  RA, th e  normal s t r u c tu r e  
becomes a l te r e d  th u s  cau sin g  a d is tu rb a n c e  in  i t s  normal fu n c tio n . 
T h is  lead s  to  th e  d i s a b i l i t y  so c h a r a c te r i s t i c  o f th e  d is e a s e , th e  
degree  of which i s  l a r g e l y  determ ined by th e  e x te n t o f th e  j o i n t  
damage.
1 . E a r l y  a c t i v e  s y n o v i t i s
t
I t  has been d i f f i c u l t  to  a p p ra ise  th e  e a r ly  le s io n s  th a t  occur in  
th e  rheum atoid j o i n t  s in c e  most p a t ie n t s  do n o t p re se n t u n t i l  th e  
s y n o v i t is  i s  q u ite  w ell e s ta b l i s h e d . Also synovectom ies a re  n o t 
common, p a r t i c u la r ly  in  e a r ly  RA. V ascu lar changes a re  amongst th e  
e a r l i e s t  documented ev en ts  from work by Kulka e t  a l .  [12] and 
Schumacher [13] who analysed  b io p s ie s  taken  from p a t ie n ts  w ith  d is e a se  
o f on ly  s ix  weeks d u ra tio n ; th e se  au th o rs  found an in c re a se  in  blood 
flow  to  th e  j o i n t  to g e th e r  w ith  some oedema o f th e  subsynovium. 
M icrovascu lar in ju ry  i s  ev id en t as  dem onstrated  by e n d o th e l ia l  c e l l  
damage, gaps between th e  e n d o th e l ia l  c e l l s ,  th rom bosis o f sm all 
v e s s e ls  and e x tra v a sa tio n  o f e ry th ro c y te s . The sy n o v ia l l in in g  c e l l s  
undergo a m ild h y p e rp la s ia  and in  some case s  th e re  i s  a sm all degree 
o f polym orphonuclear (PMN) and lymphocyte c e l l  i n f i l t r a t i o n  in to  th e  
s u p e r f ic ia l  synovium and p e r iv a s c u la r  lo c a t io n s , b u t no plasm a c e l l s  
a re  seen . There i s  some evidence o f p h ag o cy to s is . The SF a ls o  c o n ta in s  
sm all numbers of mononuclear c e l l s  (MNC) and PMN. However a l l  changes
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were fo c a l s o . th a t  depending on where th e  b iopsy  was taken  normal or 
abnormal appearences were found.
2 . A c u te  a c t i v e  l e a d i n g  t o  c h r o n i c  a c t i v e  s y n o v i t i s
D e sc rip tio n s  o f e s ta b lis h e d  d is e a se  a re  abundant. Most au th o rs  
ag ree  on th e  fo llo w in g  course  o f ev en ts  [14 -16 ]. As rheum atoid 
a r t h r i t i s  becomes - e s ta b l i s h e d ,  th e  synovium undergoes g ro ss
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h is to p a th o lo g ic a l changes. The fo llo w in g  i s  an account o f acu te  
s y n o v it is .  There i s  s u b s ta n t ia l  hypertrophy  and h y p e rp la s ia  o f the  
sy n o v ia l l in in g  c e l l s .  The in tim a l la y e r , norm ally  only  1-3 c e l l s  
deep, can reach  th ic k n e sse s  o f up to  10-20 c e l l s .  Thus, th e  sy n o v ia l 
t i s s u e  can in c re a se  100-1000 fo ld  and e v e n tu a lly  weigh up to  50 g 
[113]. W ithin th e  in tim a l la y e r  th e re  a re  now m u ltin u c le a ted  g ia n t  
c e l l s  which a re  p robab ly  d e riv ed  from type A c e l l s  [9 ] , th e  
h y p e rp la s ia  seems to  invo lve  a l l  th e  d i f f e r e n t  sy n o v ia l c e l l  ty p es , 
b u t w hile G h ad ia lly  [10] a s s e r t s  th a t  th e re  i s  a predominance o f type 
AB and B c e l l s ,  o th e r  w orkers m ain ta in  th a t  many o f th e  h y p e rp la s tic  
c e l l s  appear to  be the  m acrophage-like type A c e l l s  [1 7 ,1 8 ] . More 
common, however, a re  th e  in te r d ig i t in g  c e l l s  which occur in  
s ig n i f ic a n t ly  g re a te r  numbers in  RA synovium compared to  th o se  from 
norm al o r non-RA inflam m atory j o i n t s  [ 1 9 ] . . .T hese  d e n d r i t ic  c e l l s ,  
which have long branch ing  p ro c e sse s , lack  macrophage, lymphocyte o r 
f ib r o b la s t  c h a r a c te r i s t i c s ,  b u t a re  s tro n g ly  HLA-DR+ . J u s t  b enea th  th e  
l in in g  th e re  i s  a r ic h  c a p i l l a r y  netw ork. Many o f th e se  blood v e s s e ls  
have f e n e s tr a t io n s  such as those  observed in g lo m eru li. As w e ll as the  
form ation  of new blood v e s s e ls ,  v a sc u la r  le s io n s  observed in  e a r ly
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d is e a se  a re  exaggera ted . Thus, venous d is te n s io n ,  c a p i l la r y  o c c lu s io n , 
a r t e r i a l  w a ll i n f i l t r a t i o n  by n e u tro p h ils ,  a re a s  o f throm bosis and 
p e r iv a s c u la r  hemorrhage a re  re g u la r  f in d in g s  in  e s ta b lis h e d  d is e a s e .
The inflam ed oedamatous synovium p ro tru d e s  in to  th e  j o i n t  c a v ity  
a s  s l i g h t  v i l lo u s  p ro je c tio n s  ex ten d in g  tow ards th e  a r t i c u l a r  
c a r t i l a g e .  Most ty p ic a l  o f e s ta b lis h e d  RA i s  however th e  ex ten s iv e  
mononuclear c e l l  i n f i l t r a t i o n  (lym phocytes and plasm a c e l l s )  in to  th e  
norm ally  a c e l lu la r  subsy n o v ia l strom a. Sometimes th e se  c e l l s  a re  
c o lle c te d  in to  a g g reg a te s , o r f o l l i c l e s ,  p a r t i c u l a r ly  around sm a lle r 
blood v e s s e ls  [20 ]. A lth o u g h ,tru e  germ inal c e n te rs  a re  n o t f re q u e n tly  
seen and when p re se n t u s u a lly  occur in  lo n g s tan d in g  RA [1 4 ]. When the  
germ inal c e n te rs  a re  f u l l  o f lym phocytes, lym phoblasts and plasm a 
c e l l s ,  th ey  resem ble lymphoid t i s s u e .  The dom inant c e l l  w ith in  such 
ag g reg a tes  i s  th e  B lymphocyte and th ey  can produce th e
t
immunoglobulins which can form immune complexes [1 7 ,1 9 ]. Three types 
o f d is t ru b u t io n s  of lymphoid c e l l s  may be observed:
a ) Lymphoid r ic h  a re a s
b) Plasma c e l l  r ic h  reg io n s
c ) T ra n s i t io n a l  a re a s  where m acrophages, lym phocytes and plasm a c e l l s  
a re  in term ixed  [21 ].
T c e l l s  a re  found p e r iv a s c u la r ly  and B c e l l s  a re  lo ca ted  in  th e  
c e n tre s  o f th e  lymphoid f o l l i c l e s  [2 2 ].
In  some p a t ie n ts  th e  v a r io u s  lymphoid c e l l s  a re  s c a t te r e d  
th roughou t th e  sy n o v ia l t i s s u e .  The m a jo rity  o f mononuclear c e l l s  
w ith in  th e  rheumatoid synovium, however, a re  T lymphocytes which 
account fo r  85% of th e  lymphocytes found th e re  [1 7 ,2 3 -2 5 ]. The T
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lymphocytes can produce lymphokines lo c a l ly .  Immune complexes and T 
lymphocyte p ro d u c ts  a t t r a c t  phagocytes. N e u tro p h ils  a re  a t t r a c t e d  to  
th e  immune complexes by chem otactic  p ro d u c ts  o f th e  complement 
cascade , and a re  a c t iv a te d  along w ith  th e  o th e r  phagocytes by th e  
immune complexes and lymphokines when th ey  a r r iv e .  But, th ey  too 
a c t iv a te  lymphocytes ( e .g .  n e u tra l  p ro te a se s  a re  m itogen ic  fo r  B 
lym hocytes), and p ro d u c ts  o f monocytes s t im u la te  sy n o v ia l c e l l s .  
However few n e u tro p h ils  a re  ever found in  th e  SM, s in c e  th ey  tend to  
m ig ra te  through in to  th e  SF. Depending on th e  s ta g e  of th e  s y n o v it is ,  
th e  SM can be d e sc rib e d  as  a s i t e  o f a cu te  inflam m ation where 
A rth  u s - l i k e  re a c t io n s  a re  o c cu rrin g  o r a  s i t e  o f ch ron ic  
inflam m ation, w ith  a re a s  showing delayed  type immune re a c tio n s  [26] !
Along w ith  changes in  c e l l u l a r  s t r u c tu r e  o f th e  synovium th e re  i s  
a concom itant in c re a se  in  th e  volume of th e  SF ( o r ig in a l ly  2 m l), 
which shows e x te n s iv e  c e l l u l a r  i n f i l t r a t i o n .  In  c o n tra s t  to  e a r ly  
d is e a s e , th e  m a jo rity  o f th ese  c e l l s  (75-90%) a re  PMN c e l l s  w ith  th e  
rem ainder c o n s is t in g  la rg e ly  o f lymphocytes to g e th e r  w ith  some 
monocytes, macrophages and sy n o v ia l l in in g  c e l l s  [2 7 ]. PMN numbers 
range from a few thousand to  te n s  o f thousands p e r  mm in  severe  
a c t iv e  d is e a se  [1 5 ]. T his high c e l l u l a r i t y  g iv e s  SF i t s  tu rb id  
appearance m acro sco p ica lly . The normal c a p a c ity  of c a r t i l a g e  to  
rebound from a deform ing fo rc e  i s  lo s t  in  a rheum atoid j o i n t  due to  
th e  lo s s  o f p ro teo g ly can s  from th e  c a r t i l a g e  m a trix  (seen  as a lo s s  of 
m etachrom atic s ta in in g ) .  Although most o f th e  p ro teo g ly can  d e p le tio n  
occu rs  in  reg io n s  where th e  inflam ed synovium has encroached as what 
i s  c a l le d  “ pannus“ upon th e  c a r t i l a g e  su rfa c e , d e p le t io n  i s  a lso  seen
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a t  s i t e s  w e ll remote from th e  advancing m argins o f th e  sy n o v ia l 
membrane. P ro teog lycan  lo s s  i s  p robab ly  a r e s u l t  o f enzym atic 
d ig e s t io n  o f th e  co re  p ro te in  o f the  p ro teo g ly can  su b u n it by p ro te a se s  
[2 8 ]. Such p ro te a se s  a re  found w ith in  th e  SF th a t  b a th es  th e  c a r t i la g e  
(d e sc rib ed  in  s e c tio n  on p a th o g en esis  o f RA).
C a r ti la g e  d e s tru c tio n  appears to  occur in  waves, each follow ed by 
m atu ra tion  o f th e  g ra n u la tio n  t i s s u e .  The term  pannus d e sc r ib e s  a 
v a sc u la r , f ib ro u s  g ra n u la tio n  t i s s u e  a r i s in g  from th e  p e r ic h o n d r ia l  
sy n o v ia l membrane, which c l in g s  t i g h t ly  to  th e  c a r t i l a g e  su rfa c e  and 
from which i t  cannot be sep a ra te d  [2 7 ]. The pannus has o fte n  be 
re fe r re d  to  as  “ a g g re ss iv e , in v a s iv e , p r o l i f e r a t i v e  and tumour-like** . 
I t  i s  s a id  to  be tu m o u r-lik e  in  th a t  i t  i s  inflam m atory, h y p e rp la s tic , 
in v as iv e  and made of connec tive  t i s s u e ,  blood c e l l s  and immune c e l l s  
and d e s tro y s  and re p la c e s  c a r t i l a g e .  The pannus c o n ta in s  h y p e rp la s tic  
mesenchymal c e l l s  and th e re  i s  a monocyte/macrophage m ediated 
e le v a tio n  o f synoviocy te  plasm inogen a c t iv a to r  (a  n e u tra l  p ro te a se )  
which can c o n tr ib u te  to  th e  t i s s u e  rem odelling  and c e l l  m ig ra tio n  to  
be found in  th e  pannus. The l a t t e r  p ro cess  has been termed synoviocy te  
tran sfo rm a tio n  and i s  s im ila r  to  p ro c e sse s  o c cu rrin g  in  tum ours. 
S ynovial plasm inogen a c t iv a to r  a c t i v i t y  from monocytes behaves l ik e  a 
tumor prom otor to  tu rn  sy n o v ia l c e l l s  in to  tu m o u r-lik e  c e l l s .
Three ty p es  q£  pannus have been d e sc rib e d  fo llo w in g  e le c tro n  
m icroscopic  s tu d ie s  on th e  c a r ti la g e -p a n n u s  ju n c tio n  [29]:
Ju n c tio n  1 -  resem bles th e  synovium and com prises an a re a  o f in te n se  
p r o l i f e r a t i o n  o f sm all blood v e s s e ls  surrounded by h ig h ly  c e l l u l a r
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i n f i l t r a t e s  p e n e tr a t in g  deep in to  th e  c a r t i l a g e  along  th e  blood 
v e s s e ls  and th e re  i s  ev idence o f d eg en e ra tio n  around th e  c e l l u l a r  
accum ulations. T h is  a re a  i s  th e  one r e s u l t in g  in  th e  major d e s tru c tio n  
and e ro s io n  o f c a r t i l a g e ,  r e s u l t in g  from d e s tru c t io n  by enzymes 
re le a se d  m ainly from monocytes in  th e  a re a . '
Ju n c tio n  2 -  resem bles g ra n u la tio n  t i s s u e  and com prises phagocy tic  
c e l l s  and f i b r o b la s t i c  c e l l s  invading  the  c a r t i l a g e .  Again, e ro sio n  
here  i s  due to  enzymes re le a se d  from th e  i n f i l t r a t i n g  c e l l s .
Ju n c tio n  3 -  i s  th e  l e a s t  d e s tr u c t iv e  ju n c tio n  and i s  where f ib ro u s  
pannus o v e rlay s  th e  c a r t i l a g e  and where th e  pannus c o n ta in s  no blood 
v e s s e ls  and no a c t iv e  c e l l u l a r  re a c t io n . T h is  a re a  causes th e  le a s t  
e ro s iv e  damage, b u t any damage i s  th e  r e s u l t  o f in te r fe re n c e  w ith  
c a r t i l a g e  n u t r i t io n  by b lo ck in g  th e  a r r i v a l  o f n u t r i e n ts  from th e  SF. 
T his type  of ju n c tio n  may re p la c e  c e l l u l a r  pannus in  tim e. I t  i s  n o t 
known w hether each kind o f ju n c tio n  p ro g re s se s  to  th e  nex t o r whether 
th ey  develop s e p a ra te ly .
3 .  B one d e s t r u c t i o n
When acu te  a c t iv e  s y n o v i t is  p e r s i s t s  fo r  a long tim e i t  becomes
c a l le d  ch ron ic  a c t iv e  s y n o v it is ,  and a f t e r  many y ears  of such ch ro n ic
p e r s i s t e n t  RA th e re  i s  c h a r a c te r i s t i c  e ro s io n  o f sub ch o n d ria l bone, 
f i r s t  as  a m arg inal o r j u x t a - a r t i c u l a r  e ro s io n , where th e  bone i s  n o t
covered by th e  pannus, g iv in g  th e  a r t i c u l a t i n g  end a “ chew ed-out”
appearance r a d io lo g ic a l ly . F u r th e r  d e s t r u c t io n ,  and in- f a c t  th e  w orst, 
i s  presumed to  be caused by d e s tru c t io n  by th e  pannus burrow ing
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th rough th e  d i s in te g r a t in g  c a r t i la g e  to  th e  bone, b u t some bone lo s s  
may a lso  r e s u l t  from in c reased  bone re s o rp tio n  by o s te o c la s t s .  At t h i s  
s ta g e  th e  co n d itio n  i s  d e sc rib ed  as " b u rn t-o u t” d is e a s e , s in c e  th e re  
i s  very  l i t t l e  o r no synovium l e f t  and as  such very  l i t t l e  o r no more 
s y n o v it is .
The SF by t h i s  s ta g e  i s  g r e a t ly  in c reased  in  volume and q u i te  
w atery , so no longer a b le  to  p rov ide  adequate lu b r ic a t io n  of 
a r t i c u l a t i n g  su r fa c e s . T h is a lso  r e s u l t s  in  a  h igh  i n t r a - a r t i c u l a r  
p re s su re , which may be in s tru m e n ta l in  p ro v id in g  damage to  th e  
c a r t i l a g e  and bone; fu rth erm o re , i t  i s  b e lie v ed  to  be re sp o n s ib le  fo r  
e x tru s io n  o f th e  j o i n t  c a v ity  in to  th e  ne ighbouring  s o f t  t i s s u e s ,  
causing  much of th e  p a in  experienced  by th e  p a t ie n t  upon movement. The 
rheum atoid synovium may produce f a c to r s  th a t  p o s s ib ly  c o n tr ib u te  to  
th e  enhanced re s o rp tiv e  a c t i v i t y  such a s  £30] and o s te o c la s t
a c t iv a t in g  f a c to r  [28 ]. The d e s t r u c t iv e  changes to  th e  c a r t i l a g e  and 
bone a re  th e  major f e a tu re s  causing  th e  d is ru p tio n  o f j o i n t  fu n c tio n . 
Weakening o f th e  j o i n t  cap su le  and tendons can occur a long  w ith  
ligam ent damage causing  i n s t a b i l i t y  and su b lax a tio n  ( p a r t i a l  
d is lo c a t io n )  and i f  sev e re  can cause th e  com plete e lim in a tio n  o f j o i n t  
space . F ib ro s is  (ex cess  f ib ro u s  t i s s u e )  and a n k y lo s is  ( s t i f f n e s s  and 
f ix a t io n  o f j o i n t s )  of opposing a r t i c u l a r  su r fa c e s  can occur in  severe  
j o i n t  damage le ad in g  to  decreased  freedom of movement, which i s  
a s so c ia te d  w ith  th e  sh r in k in g  o f th e  cap su le  and th e  in c re a s in g  
approxim ation o f th e  ends o f th e  opposing bones. A ll th e se  changes 
lead  to  p ro g re s s iv e  lo s s  o f j o i n t  fu n c tio n  and in  tu rn  a re  b e lie v ed  to  
be re sp o n s ib le  fo r  th e  m usculoathrophy and c o n tra c tu re  [3 1 ]. A
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diagram m atic re p re se n ta tio n  o f th e  sequence p a th o lo g ic a l j o i n t  changes 
in a RA sy n o v ia l j o i n t  i s  shown in F ig . 1 .3 . The p a t ie n t  i s  th u s  l e f t  
h ig h ly  d isa b le d  and in  pa in  and p robab ly  by t h i s  tim e a lso  has 
com p lica tio n s  of EA d is e a se  d e sc rib ed  b e fo re .
PATHOGENESIS OF RA
RA, l ik e  a l l  th e  rheum atic  d is e a s e s , causes t i s s u e  dam age/in ju ry  
and th e re fo re  has an inflam m atory component, b u t in  RA t h i s  response 
dom inates th e  p ic tu re  and a l l  c e l l u l a r  and s o lu b le  components in  the  
j o i n t s  in te r a c t  in  t h i s  resp o n se . Inflam m ation can be d e fin ed  as  the  
response of l iv in g  t i s s u e s  to  a s u b le th a l  in ju ry  and i t s  purpose i s  to  
r e s to re  th e  t i s s u e s  to  th e i r  normal fu n c tio n . In normal c ircum stances 
th e  inflam m atory response must be regarded  as  a dynamic p ro cess  
designed  to  minimize lo c a l damage and in h ib i t  i t s  p ro g ress io n  and i s  
s h o r t  l iv e d  (a c u te ) ,  b u t in d o le n t (c h ro n ic )  inflam m ation can occur as 
in  RA. C hronic inflam m ation can occur i f  a ) th e  body cannot r id  i t s e l f  
of a harm ful in fe c t in g  ag en t, so a ch ro n ic  immmulogical re a c tio n  
occu rs; b ) inflam m atory and immune im m unoregulatory mechanisms b reak  
down in  favour of m aintenance o f th e  inflam m atory re a c t io n , o r even 
due to  c ) d e fe c t iv e  lymphocyte m a tu ra tio n .
The combined break  down in  re g u la tio n  o f th e  two major 
hom eostatic  mechanisms in  th e  body, namely th e  immune system  and th e  
inflam m atory system , le ad in g  to  ch ro n ic  inflam m ation and th e  
c h a r a c te r i s t i c  d y s re g u la tio n  of th e  immune system  r e s u l t  in  th e  
sy n o v ia l j o i n t  damage and EAD m a n ife s ta tio n s  o f RA. In RA th e re  i s  a 
p e rs is te n c e  o f bo th  acu te  (dom inated by v a sc u la r  damage and PMN
l
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i n f i l t r a t i o n  and p ro d u c ts  from them) and ch ro n ic  inflam m ation 
(dom inated by MNC i n f i l t r a t i o n  and th e  r e p a ra t iv e  phase and prom inent 
immunological and system ic  com ponents).
Much of th e  damage seen in  RA i s  im m unologically  m ediated. T h is  
i s  e v id en t n o t on ly  from th e  j o i n t  p a th o lo g y , where a l l  manner of 
lymphoid c e l l s  and th e i r  p ro d u c ts  have been dem onstrated , b u t a lso  
from in  v i t r o  and c l i n i c a l  s tu d ie s ,  e .g .  in  v i t r o  i t  has been re p o rte d  
th a t  e x p la n ts  of rheum atoid synovia  a re  capab le  o f g e n e ra tin g  both  
a n tib o d ie s  and lymphokines [3 2 ], su p p o rtin g  th e  d e s c r ip t io n  o f th e  
rheum atoid synovia as an e c to p ic  lymphoid organ [27 ]; c l i n i c a l  s tu d ie s  
have shown th a t  removal o f c i r c u la t in g  lymphocytes v ia  th e  th o ra c ic  
d u c t o r by lym phocytopheresis produces sym ptom atic r e l i e f  in  p a t ie n t s  
w ith  a c t iv e  d is e a s e , as  can t o t a l  lymphoid i r r a d ia t io n ,  w h ils t 
in je c t in g  th e se  lymphoid c e l l s  back in to  th e  s u b je c ts  e x ac e rb a te s  th e  
d is e a s e  p ro cess  [3 3 ], su g g es tin g  th a t  th e se  p ro c e sse s  remove 
pa thogen ic  lymphocytes p robably  o f B -  o r CD4+ lin e a g e .
There i s  co n s id e ra b le  ev idence im p lic a tin g  bo th  humoral and 
c e ll-m e d ia te d  immunological p ro c e sse s  in  th e  p a th o g en es is  o f RA, w ith  
ev idence of enhanced humoral immunity ( r a is e d  serum Ig  le v e ls ,  
ev idence o f rheum atoid f a c to r  and ICs and a u to a n tib o d ie s )  and 
d e fe c tiv e  c e l l  m ediated immunity (abnorm al number o r fu n c tio n  o f 
T -ly m p h o cy tes). The rheum atoid j o i n t s  show s u b s ta n t ia l  i n f i l t r a t i o n  by 
lymphoid and phagocy tic  c e l l s  and in te r a c t io n s  between th e se  c e l l s  $nd 
t h e i r  p ro d u c ts  a re  though t to  c o n tr ib u te  to  th e  t i s s u e  d e s tr u c t io n  so 
c h a r a c te r i s t i c  o f RA. W ithin the  synov ia , lym phocytes, p la sm a -c e lls  
and macrophages a re  found in  bo th  d i f f u s e  and nodu lar p a t te r n s ,  an
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arrangem ent th a t  has been lik en ed  to  an a n t ig e n ic a l ly  s tim u la ted  
lymphnode [3 4 ].
Table 1 .3  summarizes th e  sequence o f ev en ts  which i s  c u r r e n t ly  
thought to  be re sp o n s ib le  fo r  th e  v a rio u s  p a th o lo g ic a l changes w ith in  
th e  j o i n t s  and which u l t im a te ly  lead to  i t s  d e s tru c t io n  and i s
d iscu ssed  more f u l l y  below.
1 . P h a g o c y t i c  a c t i v i t y
The main d e s tr u c t iv e  and inflam m atory m ed ia to rs  in  th e  sy n o v ia l 
j o i n t  a re  p ro d u c ts  o f PMN and macrophages, and in t e r d ig i t a t i n g  c e l l s ,  
namely lysosom al enzymes and r e a c t iv e  oxygen sp e c ie s  which to g e th e r  
w ith  am inoacid m e ta b o lite s  a re  a ls o  ab le  to  promote and th e re fo re  
p e rp e tu a te  th e  inflam m atory re a c t io n .
Phagocytic  c e l l s  a re  lu red  to  th e  s i t e  of inflam m ation by
chem otactic  f a c to r s .  Here t h e i r  e n try  i s  f a c i l i t a t e d  by an ap h y lo tox ins 
which enhance the  v a sc u la r  p e rm e a b ility , and a lso  cause v a s o d ila t io n , 
th u s  in c re a s in g  th e  number o f c e l l s  g a in in g  e n try  to  th e  t i s s u e s .  Most 
o f th e  phagocy tic  e f f e c to r  m olecules a re  g en era ted  d u rin g  th e  p ro cess  
of complement f ix a t io n  and a r i s e  m ainly from th e  c leavage 'o f  
complement (C ')  components C3 and C5, th u s  C3a and C5a behave as
an aphy lo tox ins. These, th rough d i r e c t  a c tio n  (C5a) o r in d i r e c t ly  
th rough m a s t-c e ll  a c t iv a t io n  (C3a, C5a) -  which causes r e le a s e  o f th e  
v a so a c tiv e  amines h is tam in e  and se ro to n in  -  b r in g  about th e  v a sc u la r  
changes d e sc rib ed  p re v io u s ly . C3a, and more im p o rtan tly  C5a, a re  a lso  
c a s t  in  th e  ro le  o f PMN ch em otac tan ts, so help  promote in f lu x  o f
*














































IgM. IgG, IgA, IgE 
7antlbody against'■X"
IMMUNE 

















IC in Synovial Fluid/f  IC In Extra-articular Jrjr  Vessels -w-Vaacullt







macroptiage and 0 1 h e r  
synovial A and 8-4- growth 
loG c*w proliferation ( a c t o r t


















* f r om H a r r i s  Or ( 1 9 85 )  £15]
s.
LEGEND TO TABLE 1.3
I t  i s  curren tly  believed th a t  the in i t i a t in g  antigen may become 
loca lised  in the a r t ic u la r  cavity , where local macrophage/dendritic 
c e l l s  process and present the antigen to  T c e l l s .  There is  re lease  
of IL-1 from the macrophages, ac tiva ting  a subpopulation of T c e l ls  
to  generate IL-2. This lymphokine produces p ro life ra t io n  and 
d if fe re n t ia t io n  of other T cell populations. Thus inducer T c e l ls  
are generated which through the medium of helper fac to rs  stimulate B 
c e l l s  to  immunoglobulin synthesis. Immune complexes are formed and 
complement fixed, producing a number of anaphylactic and chemotactic 
fac to rs .  These increase the local blood flow and vascular perme­
a b i l i ty ,  leading to  an influx of PMN and large molecular weight 
proteins such as fibrinogen and kininogen. The l a t t e r  are ac tiva ted , 
generating fac to rs  which fu rther  .enhance the  inflammatory process. 
Phagocytosis by both micro and macrophages re s u l ts  not only in the 
e x tra c e l lu la r  re lease  of lysosomal enzymes capable of digesting 
a r t ic u la r  t i s su e s ,  but also  in the production of pro-inflammatory 
arachidonic acid metabolites and oxygen free  rad ic a ls .  These, 
together with cell  ac tiva tion  products, s e t  up a se r ie s  of highly 
complex, in te r - re la te d  positive  feedback networks which lead 
ultim ately  to  the destruction of the j o in t .
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PMN-cells to  SM. C5a i s  a  p o te n t su b stan ce  ab le  to  in c re a se  PMN 
adhesiveness to  the  endothelium  of blood v e s s e ls ,  a s  w ell a s  in c i te  
th e se  c e l l s  to  o x id a tiv e  m etabolism , lysosom al enzyme re le a s e  and th e  
g en e ra tio n  o f aminoacid m e ta b o lite s .
O ther chem otactan ts in c lu d e  those  d e riv e d  from m a s t-c e l ls ,  and 
th e  a c t iv a te d  complex C 5 b 6 7 , th e  l a t t e r  i s  a lso  involved in  « b ystander 
a t t a c k ” [35 ]. Although most of t h i s  complex i s  membrane-bound, some 
may be found f r e e  in  th e  i n t e r s t i t i a l  f lu id .  Here i t  b in d s  to  
“ innocen t c e l l s ” in  th e  v i c in i t y  and com pletes th e  C' cascade by 
f ix in g  th e  rem aining C8 and C9 components o f complement, t h i s  r e s u l t s  
in  c e l l  ly s i s  due to  osm otic shock. I t  i s  b e lie v ed  th a t  many of the  
v a s c u l i t i c  le s io n s  produced w h ith in  th e  rheum atoid j o i n t s  and 
elsew here in  th e  body a re  due to  th e  d e p o s it io n  o f ICs in  th e  blood 
v e s s e ls ,  which then bind C' w ith  a l l  i t s  a t te n d e n t e f f e c t s .  RA has in  
f a c t  been d e sc rib ed  as  an “ e x tra v a sc u la r  immune-complex d is e a s e ” [8 ] .
Both th e  a l t e r n a t iv e  and c l a s s i c a l  pathways o f C' a re  a c t iv a te d  
in  RA, and ICs a re  major m ed ia to rs  o f t h i s  e f f e c t .  T his a c t iv a t io n  ■ i s  
in d ic a te d  by th e  s ig n i f i c a n t ly  lower c o n c e n tra tio n s  o f C4, C3 and C2 
and f a c to r s  B and P in  RA e f fu s io n s , compared to  th o se  o b ta in ed  from 
s u b je c ts  w ith  non-RA d is e a s e s  [3 6 ,3 7 ] . T h is  d ecrease  i s  g r e a te r  in 
s e ro p o s it iv e  d is e a s e , p robab ly  due to  a more ag g re ss iv e  d is e a s e . 
Reduced SF C' le v e ls  c o r r e la te  in v e rs e ly  w ith  IC le v e ls  [38], 
su g g es tin g  high lo c a l consumption o f C' by ICs. Serum C' le v e ls  a re  
however p re se n t in  normal le v e ls  o r in c reased  [39].
24
Lvsosomal enzvmes a re  re le a se d  from PMN and macrophages e i th e r  
d u rin g  th e  p ro cess  o f ph ag o cy to sis  o r fo llo w in g  c e l l  d e a th . They 
co n ta in  e lem ents which a re  ab le  to  degrade bo th  components of 
c a r t i l a g e ,  i . e .  th e  p ro teo g ly can s  and th e  co llag en  framework. The 
e a r l i e s t  c a r t i l a g e  damage observed i s  th e  lo s s  o f ground substance  
(p ro te o g ly c a n s) . T h is i s  seen h i s to lo g ic a l ly  as an absence o f 
m etachrom atic s ta in in g .  The ag g reg a tes  o f p ro teo g ly can  a re  broken down 
by th e  PMN s e r in e  n e u tr a l  p ro te a se s  e la s ta s e  and c a th e p s in  G, which 
a c t  on th e  p ro te in  co re  and th e  l in k  p ro te in .  The so lu b le  components 
a re  then  degraded i n t r a c e l lu l a r ly  by th e  a c id ic  c a th e p s in  B and D. RA 
p a t ie n t s  a re  a lso  found to  p o ssess  high le v e ls  o f enzymes which a re  
capab le  o f d ig e s t in g  th e  p o ly sacch arid e  s id e  ch a in s  o f chondroitin 
su lp h a te  and k e ra tan  su lp h a te  [1 5 ]. Once th e  p ro teog lycan  i s  removed, 
n o t on ly  i s  th e  c a r t i l a g e  le s s  a b le  to  r e s i s t  a deform ing fo rc e , and 
th e re fo re  i s  a t  a g r e a te r  r i s k  o f m echanical d is ru p t io n ,  b u t i t s  
in f r a s tru c u re  i s  now open to  p r o te o ly t ic  a t ta c k  [8 ] . E la s ta s e  and 
ca th e p s in  G s o lu b i l i s e  th e  co llag en  by a t ta c k in g  th e  n o n -h e lic a l  
reg ion  of th e  m olecule and b reak in g  down th e  in te rc h a in  c ro s s  lin k ag e .
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At 37 C th e  p o ly p ep tid e  ch a in s  unwind and a re  now s u s c e p tib le  to  
p ro te o ly t ic  a t ta c k  by s p e c i f ic  c o lla g e n a se . T his enzyme i s  e la b o ra te d  
by bo th  th e  macrophages and th e  d e n d r i i ic  c e l l s  o f pannus [40] and by 
th e  chondrocytes [41] in  response to  in te r le u k in -1  (IL -1 ) produced by 
c e l l s  o f th e  monocyte/macrophage lin e a g e  in  th e  pannus [4 0 ]. So 
c o lla g en  b reak  down occurs from above a s  w e ll as from w ith in  th e  
c a r t i l a g e .  C ollagenase  c leav es  th e  p o ly p ep tid e  ch ain s in to  two 
fragm ents which a re  fu r th e r  degraded to  g e la t in  by a v a r ie ty  o f
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n e u tra l  p ro te a se s  in c lu d in g  s p e c if ic  “g e la t in a s e s ” [1 5 ]. In  severe  
ag g re ss iv e  s y n o v it is ,  f i b r i l s  may be p hagocy tised  whole by a c tiv a te d  
macrophages. A lthough p ro te a se  in h ib i to r s  <*2~niacroglobulin ' 
a  ^ - a n ti t ry p s in  a re  p re se n t w ith in  th e  j o i n t ,  i t  i s  p robab le  th a t  th ese  
a re  s a tu ra te d  s in c e  f r e e  c o llag en ase  has been dem onstrated  in  PA 
e ffu s io n s  [1 5 ]. A lthough t h i s  enzyme i s  re le a se d  in  an a n a c tiv e  form 
as p ro co llag en ase  [4 2 ], th e  SF c o n ta in s  f a c to r s  which a re  ab le  to  
a c t iv a te  i t .  These in c lu d e  p r o te o ly t ic  enzymes and p lasm in . Plasm in i s  
generated  from plasm inogen in  SF by plasm inogen a c t iv a to r  s e c re te d  by 
rheum atoid sy n o v ia l c e l l s  [4 2 ], as w ell a s  th e  e n d o th e l ia l  c e l l s  of 
sm all blood v e s s e ls  in  th e  pannus. R eactive  oxygen s p e c ie s  fu r th e rI
enhance p r o te o ly t ic  a t ta c k  by in a c t iv a t in g  p ro te in  enzyme in h ib i to r s  
[43].
Phagocytic  c e l l s  (polym orphonuclear leu k o cy tes , monocytes and 
macrophages) respond to  ' a  v a r ie ty  o f membrane s tim u la n ts  by the  
p roduction  and e x t r a c e l lu la r  r e le a s e  o f a v a r ie ty  o f oxygen red u c tio n  
p ro d u c ts . T h is co o rd in a ted  sequence of ev en ts  i s  c a l le d  th e  “ o x id a tiv e  
o r r e s p i r a t iv e  b u r s t” . The r e s p i r a t iv e  b u rs t  can occur fo llo w in g  
phagocy tic  a c t iv a t io n  (engulfm ent of b a c te r ia  o r immune com plexes) o r 
sim ply by p e r tu rb a tio n  of th e  c e l l  membrane by complement a c t iv a t io n ,  
RF s tim u la tio n  o r immune complex a ttach m en t. A v a r ie ty  o f re a c t iv e  
oxygen sp e c ie s  (BOS) a lso  c a l le d  o x y -ra d ic a ls  o r oxygen-free  r a d ic a ls  
(OFR) a re  re le a se d  in c lu d in g  superox ide  anion (C^ ), hydroxyl r a d ic a l  
(OH ) , hydrogen perox ide  s ^ S l e t  oxygen C " ^ ) ,  a lthough
s t r i c t l y  speak ing  only  O2 and OH a re  t ru e  r a d ic a l s .  Most a re  
re le a se d  d i r e c t l y  in to  phagylosomes b u t some a re  re le a se d
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e x t r a c e l lu l a r ly . The r e s p i r a t iv e  b u rs t  i s  i n i t i a t e d  by an in c re ase  in
oxygen uptake w ith  consequent s tim u la tio n  o f the  hexose monophosphate
shunt pathway, fo llow ed by a one e le c tro n  re d u c tio n  o f oxygen to  i t s  
« _
0 2 u s in g  NADPH or NADH as  th e  e le c tro n  donors c a ta ly z ed  by NAD(P)H 
o x id ase . O2 i s  su b seq u en tly  converted  to  sp on taneously  o r by
enzyme m ediated d ism u ta tio n . In th e  p re sen ce  o f fe r ro u s  iro n , ^2^2
. 1a c ts  as a s u b s t r a te ,  to g e th e r  w ith  0^ , fo r  th e  g e n e ra tio n  of OH &Q> 
c a lle d  th e  Haber-W eiss r e a c t io n . ROS a re  a lso  produced d u rin g  
oxygenase and o x id o red u c tase  re a c t io n s ,  leaky  e le c tro n  t r a n s p o r t  
ch a in s  and a u to -o x id a tio n  re a c tio n s .
Normal q u a n t i te s  o f ROS a re  p h y s io lo g ic a l ly  im p o rtan t, 
fu n c tio n in g  as  b a c te r ic id a l ,  tu m o ric id a l ag en ts  and re g u la to ry  ag en ts  
fo r  T and B lymphocyte fu n c tio n , b u t excess ROS p ro d u c tio n  has been 
im p lica ted  as a l ik e ly  m edia to r of t i s s u e  damage ‘ in  ch ro n ic  
inflam ination . Some o f th e i r  a c tio n s  a re  l i s t e d  below, in c lu d in g  d i r e c t  
d e s t r u c t i v e ‘a c tio n  and prom otion of inflam m atory re a c t io n s :
1) Damage to  e n d o th e l ia l  c e l l s  in  v i t r o  [44 ,45] and re p e rfu s io n  in ju ry  
in  v ivo  [46].
2) C onnective t i s s u e  damage by d eg rad a tio n  o f m acrom olecules [47 ].
3a) F u rth e r enhancement o f p r o te o ly t ic  a t ta c k  o f c a r t i l a g e  
(p ro teo g ly can s  and co llag en  framework) [48 ].
3b) OH m ediated d ep o lym eriza tion  of h y a lu ro n ic  ac id  [49] le ad in g  to  
th e  reduced SF v is c o s i ty  seen in  v ivo .
4 ) Haem olytic anaemia [50] due to  red  c e l l s  ly s i s  and subsequent 
r e le a s e  of f r e e  Fe which i t s e l f  can s tim u la te  ROS p ro d u c tio n .
5) L ip id  p e ro x id a tio n  r e s u l t in g  in  membrane damage m ediated by OH and
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*02 [5 0 ,5 1 ] . P o ly u n sa tu ra ted  f a t t y  a c id s  being  p a r t i c u la r ly
s u s c e p tib le  to  o x id a tio n  le ad in g  to  th e  form ation  o f o rg an ic  r a d ic a ls  
and l i p id  p e ro x id es  which fragm ent to  produce gaseous hydrocarbons and 
low m olecu lar w eight r e a c t iv e  aldehydes and a lkenes p o te n t ia l ly  ab le  
to  f u r th e r  damage membranes and enzymes and p o ss ib ly  even cause c e l l  
d e a th . T h is i s  a _ p a r t i c u l a r l y  dangerous p ro cess  s in c e  i t  i s  
a u to - c a t a ly t i c .
6) In h ib i t io n  o f serum a n tip ro te a s e  a c t i v i t y  [4 3 ,5 2 ].
7) S tim u la tio n  o f lysosom al enzyme r e le a s e ,  th u s  p e rp e tu a tin g  
inflam m ation.
8) C leaveage o f co v a len t bonds in  carb o h y d ra tes  and p ro te in s .
9) In h ib i t io n  o f t h io l  c o n ta in in g  p ro te in s  and enzymes.
10) S tim u la tio n  o f th e  fo rm ation  o f chem otactic  f a c to r s  encouraging  
fu r th e r  p h aco cy tic  c e l l s  to  th e  inflam m atory s i t e  th u s  p e rp e tu a tin g  
inflam m ation [53-56].
11) Form ation o f c la s to g e n ic  f a c to r s .
12) A u to -o x id a tiv e  damage: a ) to  IgG causing  a n tig e n ic  s i t e s  to  become 
a v a i la b le  r e s u l t in g  in  au to  an tib o d y  form ation  [5 7 ], b) to  co llag en  
I I  (IV and VI) a llow ing  a n tic o lla g e n  an tibody  form ation  [58] and c ) to  
DNA cau sin g  anti-DNA an tibody  fo rm ation .
13) ROS can cause IgG to  ag g reg a te  [59] and t h i s  can then 
c r o s s - l in k  FC re c e p to rs  and s tim u la te  n e u tro p h ils  to  produce more ROS 
and lysosom al enzymes [60].
14) Through non s p e c i f ic  c e l l  damage, ROS can a c t iv a te  th e  membrane 
enzyme p h ospo lipase  A2 . T his enzyme i s  found in  a v a r ie ty  o f c e l l  
ty p es  and along w ith  ROS can be a c t iv a te d  by a wide range o f s t im u l i ,  
in c lu d in g  b a c te r ia l  c e l l  p ro d u c ts , immune complexes and chem otactic
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p e p tid e s . I t s  a c t iv a t io n  lead s  to  th e  r e le a s e  o f f a t t y  a c id s  from the
plasma membrane o f which a rach id o n ic  ac id  (AA) i s  the  most im p o rtan t.
AA can be m etabo lised  by two enzym atic pathways g e n e ra tin g  two main
c la s s e s  o f inflam m atory m ed ia to rs  -  th e  p ro s ta g la n d in s  (P G 's) and th e
le u k o tr ie n e s  (L T 's ) . PG 's a re  g en era ted  v ia  th e  cyclo-oxygenase
pathway, where AA i s  converted  f i r s t  to  PGG2 and then  PGF^. From th e
l a t t e r  a re  produced s ta b le  p ro s ta g la n d in s  PGE2 , ^  ^-61] ’
p l a t e l e t s  P G ^ i s  converted  to  thromboxane and in  v a sc u la r  e n d o th e l ia l
c e l l s  to  p ro s ta c y c lin ;  th e se  m ed ia to rs  cause v a s o d ila t io n  and
p o te n t ia te  th e  p a in  produced by o th e r  inflam m atory ag en ts  such as
b radyk in in  and h istam ine  [6 2 ]. PGE2 i s  a ls o  known to  promote bone
re so rp tio n  [30] and PG 's, p a r t i c u l a r ly  o f th e  E s e r i e s ,  have been
shown to  p o sse ss  im m unoregulatory p ro p e r t ie s  [63] (d isc u sse d  l a t e r ) .
The lipoxygenase pathway g iv e s  r i s e  to  le u k o tr ie n e s  a r i s in g  from th e
conversion  o f AA to  5HPETE which can be p rocessed  to  5HETE o r to  the
le u k o tr ie n e  LTA..  LTA. can be converted  to  LTB. o r to  LTC., LTD. o r4 4 4 4 ’ 4
LTE^; th e  l a t t e r  th re e  to g e th e r  form ing what i s  known as th e  “slow
re a c tin g  substance  o f anaphy lax is  (SRS-A)“ . Not on ly  i s  LTB^ a
pow erful chem otactic  f a c to r  fo r  PMN [6 4 ], b u t i t  a lso  p ro longs th e
in creased  v a sc u la r  p e rm e a b ility  produced by o th e r  m ed ia to rs  ( e .g .
C5a). LTB  ^ has a lso  been found to  s t im u la te  ROS p ro d u c tio n  [65] and
ra is e d  le v e ls  o f LTB  ^ have been re p o rte d  in  sy n o v ia l j o i n t s  [6 6 ].
♦  _
15) Many s t im u li  th a t  induce O2 p ro d uction  a ls o  cause th e  re le a s e  o f 
lysosom al m yeloperoxidase (MPO). T his haem oprotein c a ta ly s e s  , th e  
ha lo g en a tio n  o f ^2^2 in to  p o te n t b a c te r ic id a l  ag en ts  ( e .g .
hypochlorous a c id )  [67]; MPO th u s  has c a ta la s e  and p ero x id ase  a c t i v i t y  
and i t s  p ro d u c ts  can oxidi.se f r e e  a m in o  groups to  form ch loram ines
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I
which a re  then  a b le  to  o x id is e  f r e e  su lp h y d ry l g roups. I t  can a lso  
g e n e ra te  c y to to x ic  a ldehydes fu r th e r  ab le  to  damage c e l l  membranes 
[68].
16) ROS can in h ib i t  th e  fu n c tio n  o f th e  phag o cy tic  c e l l s  which produce 
them [6 9 ], however, p a ra d o x ic a lly , th e  r e a c tio n  i s  n o t s e l f  l im it in g  
due to  th e  s h o r t  h a l f  l i f e  o f n e u tro p h ils  le ad in g  to  rap id  r e p le t io n  
by new undamaged n e u tro p h i ls  e n te r in g  inflam m atory s i t e s .
17) At a  b io chem ica l le v e l  th e  ROS can r e a d i ly  r e a c t  w ith  l i p id s ,  
n u c le ic  a c id s  and p r o te in s .  In te ra c t io n  w ith  membrane l ip id s  producing  
l ip id  p e ro x id es  in  a a u to c a ta ly t ic  even t could  a l t e r  th e  s t r u c tu r a l  
in t e g r i t y  o f th e  membranes, r e s u l t in g  in  in c reased  membrane f l u i d i t y  
and i n a b i l i t y  to  m a in ta in  ion g ra d ie n ts  [7 0 ]. The breakdown p ro d u c ts  
o f th e  l ip id  p e ro x id e s  in  th e  form o f aldehydes could  in h ib i t  
im portan t i n t r a c e l l u l a r  enzymes, e .g .  G -6-Pase, ad en y la te  c y c la se  and 
cytochrome P450 [7 1 ]. L ip id  p e ro x id es  could a lso  damage e x t r a c e l lu la r  
p ro te in s  and enzymes. ROS can a f f e c t  n u c le ic  a c id s  and DNA by cau s in g  
s c is s io n  and DNA frag m e n ta tio n . ROS can damage p ro te in s  by 
d e s ta b i l i z a t io n  o r enhancing  enzymic p r o te o ly s is  [7 2 ,7 3 ]. ROS can 
ox idase  l ip o p r o te in s ,  e .g .  serum p ro te a se  in h ib i to r s ,  making them 
n o n -fu n c tio n a l and r e s u l t in g  in  th e  p resence  o f dangerously  h igh  
le v e ls  o f p ro te a s e s  [4 3 ,5 2 ] . Although a l l  amminoacids a re  v u ln e ra b le  
to  o x id a tiv e  a t ta c k ,  try p to p h an , h i s t id in e ,  c y s te in e  and m eth ionine 
a re  p a r t i c u l a r ly  s u s c e p t ib le  [7 2 ]. A fte r  o x id a tio n  th e  prim ary , 
secondary  o r t e r t i a r y  s t r u c tu r e  o f p ro te in s  may a l t e r  [72] u n v e ilin g  
re g io n s  re c o g n isa b le  by i n t r a c e l l u l a r  p ro te a se s .
Of p a r t i c u la r  i n t e r e s t  to  t h i s  p ro je c t  i s  th e  s u s c e p t ib i l i t y  o f
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c y s te in e  re s id u e s  to  o x id a tiv e  a t ta c k ,  s in c e  they  a re  th e  only 
am inoacids c o n ta in in g  a f r e e  SH group, which i s  known to  be an 
im portan t m oiety  in  th e  fu n c tio n  of many p ro te in s  re q u ire d  fo r  c e l l  
fu n c tio n .
O xidation  o f SH groups in  th e  p ro te in  components o f l ip o p ro te in s  
o r g ly c o p ro te in s  in  c e l l  membranes could lead  to  th e  lo s s  o f c e l l  
fu n c tio n , e .g .  a ) by p re v e n tin g  re c e p to r  t r a n s lo c a t io n  to  th e  membrane 
su rfa c e  o r re c e p to r  ex p re ss io n , b) o x id a tio n  w ith in  g ly c o p ro te in  
re c e p to rs  could  r e s u l t  in  a l te r e d  conform ation o f th e  a c t iv e  s i t e  and 
in h ib i t io n  o f re c e p to r - l ig a n d  in te r a c t io n  and th e re fo re  in h ib i t io n  of 
re c e p to r  fu n c tio n , c )  o x id a tio n  o f p ro te in s  on o r n ear G p ro te in s  
a sso c ia te d  w ith  c e l l  membrane in te g r a l  re c e p to r  p ro te in s  could  lead  to  
in h ib i t io n  o f s ig n a l  tra n sd u c tio n  mechanisms and th e re fo re  c e l l  
a c t iv a t io n .
18) RDS could i n h ib i t  PG p ro d u c tio n  v ia  membrane l ip id  p e ro x id a tio n  
[74] and th u s  in h ib i t  su p p resso r c e l l s  s e n s i t iv e  to  t h i s  agen t fo r  
t h e i r  a c tio n .
RDS a lso  show d i r e c t  a c tio n s  on lymphocytes and could th e re fo re  
in flu en c e  lo c a l  immune re sp o n ses, t h i s  i s  review ed w ith  re s p e c t to  
^2^2* w^ ose a c t i°n  i s  probab ly  m ediated by OH in  aqueous s o lu t io n s . 
Thus d is tu rb e d  im m unoreactiv ity  o f SF lymphocytes could be due to  
lo c a l  RDS p ro d u c tio n  [91].
a ) S e le c tiv e  lym photoxic e f f e c t s  of H2O2 ; in  o rd e r of in c re a s in g  
s e n s i t i v i t y  be in g :
-  red  c e l l s ,  r e s t in g  monocytes, r e s t in g  n e u tro p h ils ;
I
-  B lymphocytes;
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-  < *»* t h / i ;
-  CD8+ Tc  , CD8+ Tg , CD4+ Tg™ , NK [7 5 -7 8 ].
High lo c a l  le v e ls  o f a t  inflam m atory s i t e s  could th e re fo re  a l t e r
T c e l l  su b se t r a t i o s  in  favour o f CD4+ T „ /T which a re  known to  show
H / 1 !
in c re a se d  r e s is ta n c e  to  secondary ox id an t exposure, thus H2O,, could 
i n i t i a t e  and m ain ta in  T c e l l  su b se t im balances in  im m unoregulatory 
c i r c u i t s .  The d i f f e r e n t  s e n s i t i v i t i e s  o f lym phocytes to  a re  n o t
e x p lic a b le  in  term s o f d i f f e r e n t  le v e ls  o f  scavenger enzymes and 
p ro te in s ,  which does e x p la in  th e  g re a te r  r e s is ta n c e  in  th e  form er 
c e l l s .
b ) I n h ib i t io n  o f E - ro s e t te  fo rm ation  [7 7 ,7 9 ] .
c )  I n h ib i t io n  o f th e  au to logous mixed lymphocyte re a c tio n  (AMLR) [80 ].
d ) I n h ib i t io n  o f an tib o d y  dependent c y to to x ic i ty  (ADCC) [81]
e ) I n h ib i t io n  o f NK a c t i v i t y  [82 ].
f )  In h ib i t io n  o f an tib o d y  s y n th e s is  and PFC to  T-dependent a n tig e n s  
[8 0 ,8 3 ] .
g ) I n h ib i t io n  o f B-lymphocyte colony form ing response  induced by 
s tap h lo co ccu s  A [8 4 ].
h) In h ib i t io n  o f CON-A induced capping [80 ].
i )  I n h ib i t io n  o f T - c e l l  m ito g en esis . The o rd e r o f d e c rea s in g  
s e n s i t i v i t y  b e in g : CON-A > PHA > PWM [7 9 ,8 3 ,8 5 -8 7 ].
However low dose H2O2 can be m itogen ic  p e r se  [8 6 ,8 7 ] . Under c e r ta in  
c ircu m stan ces  O 2 [87b] and OH [88] can a lso  be m itogen ic . 
j )  R egu lation  o f IL -2  p ro d u c tio n  depending on dose. IOmM H202 
s t im u la t in g  IL -2  p ro d u c tio n , 30-100 mM ^2*^2 in h ib i t in g  IL-2 
p ro d u c tio n  [8 9 ,9 0 ] .
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k) In h ib i t io n  of SF lymphocyte r e a c t iv i ty  [9 1 ].
Aerobic c e l l s  p ro te c t  them elves from th e  t o x i c i t y  of and ROS 
by v a rio u s  d e to x if ic a t io n  mechanisms d e sc rib e d  below:
•
a) Removal o f in  tra c e  l l u l a r l y  by an Mn c o n ta in in g  superox ide 
dism utase (SOD) in  m itochondria  and c y to s o l ic  Cu and Zn SOD and 
e x t r a c e l lu la r ly  by t r a c e  amounts of SOD.
b) Removal of ^2^2 ^n^ra c e ^^u ^a r ^y by a. haem c o n ta in in g  c a ta la s e  (CAT) 
in  peroxisom es and g lu ta th io n e  p ero x id ase  in  th e  c y to so l and 
m itochondria  and e x t r a c e l lu la r ly  by low le v e ls  o f CAT.
c) Since f r e e  Fe and Cu complexes se rv e  as  c a ta ly s ts  fo r  ROS 
p ro d u c tio n , t h e i r  le v e ls  a re  kep t as low as  p o s s ib le  by b in d in g  to  
p ro te in s .  I n t r a c e l lu l a r ly  Fe i s  bound to  a p o f e r r i t in  and Cu to  
h i s t id in e ,  and e x t r a c e l lu la r ly  Fe i s  bound to  f e r r i t i n  o r t r a n s f e r in  
and Cu to  caeru lop lasm in  (CP).
♦
d ) CP has fe rro x id a se  a c t i v i t y  p re v e n tin g  l i p id  p e ro x id a tio n  and OH 
g en e ra tio n  and p o s s ib ly  weak SOD a c t i v i ty ;  i t  i s  a lso  an in h ib i to r  of 
Cu c a ta ly se d  p e ro x id a tio n , b u t, p a ra d o x ic a lly , s in c e  i t  has ox idase  
a c t i v i t y ,  i t  can i t s e l f  r e s u l t  in  o x id a tiv e  re a c t io n s  and in  
p a r t i c u la r  i t  can c a ta ly s e  th e  o x id a tio n  o f SH c o n ta in in g  m olecules.
e )  Included w ith in  membranes a re  enzymes th a t  can s to p  th e  chain  
re a c t io n  of l ip id  p e ro x id a tio n , e .g .  Se c o n ta in in g  g lu ta th io n e  
pero x id ase  and th e  g lu ta th io n e  c y c le  enzymes fo r  re p le n ish m en t' o f 
reduced g lu ta th io n e , th e  enzym e's cosubstra te"; o r e .g .  v itam in  E 
(cc -to c o p h ero l) .
f )  D ie ta ry  sou rces of ROS scav en g ers , e .g  high SH co n ta in in g  d i e t s ,  
v itam in  C and D.
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g ) The main e x t r a c e l lu la r  ROS scavengers inc lu d e  membrane bound
th io l - c o n ta in in g  m olecules on B and T lym phocytes ( p a r t i c u la r ly  on
CD4+ Tu / t ) and r e s t in g  m onocytes, n e u tro p h ils  and macrophages and ri/1
so lu b le  serum p ro te in s ,  e .g  albumin and low m olecu lar w eight t h io l  
c o n ta in in g  n o n -p ro te in  m olecules e .g . c y s te in e  and reduced g lu ta th io n e .
T h io l-c o n ta in in g  enzymes and p ro te in s  a re  some o f th e  most 
s u s c e p t ib le  m olecules to  ROS damage; i t  can q u ic k ly  be ap p re c ia te d  
th a t  i n t r a c e l l u l a r  t h io l  groups a re  f a r  more p ro te c te d  from ROS damage 
than  e x t r a c e l lu la r  t h i o l  g roups. Since th e  q u a n t i t i e s  of a n tio x id a n t 
in  th e  body a re  only s u f f i c i e n t  fo r  normal le v e ls  o f g e n e ra tio n  o f 
ROS, when th e  p ro d u c tio n  exceeds d e to x if ic a t io n  c a p a c ity , p a r t i c u l a r ly  
in  s i tu a t io n s  where th e  d e to x if ic a t io n  mechanisms a re  d e f ic ie n t  in  the  
f i r s t  p la c e , RDS can q u ic k ly  b u ild  up and being  some o f th e  most 
inflam m atory ag en ts  known to  man, cause tremendous t i s s u e  damage and 
im m unodysfunction. In  such a s i tu a t io n ,  e x t r a c e l lu la r  t h i o l  groups 
would be p a r t i c u la r ly  v u ln e ra b le  in  view o f th e  lower scavenging  
system s th e re  in  th e  f i r s t  p la c e .
The p o te n t ia l  fo r  o x id a tiv e  damage in  the  RA j o i n t  i s  enhanced by 
a  re d u c tio n  o r absence o f i n t r a c e l l u l a r  scavenging enzymes such as SOD 
o r CAT [92] and reduced g lu ta th io n e  p ero x id ase  a c t i v i t y  (due to  
reduced Se le v e l s ,  [9 3 ]) and an in c re a se  in  f r e e  c a ta ly t i c  Cu (due to  
reduced h i s t id in e  le v e ls ,  [9 4 ,9 5 ])  and by dep ressed  e x t r a c e l lu la r  ROS 
scavengers  such as  SH groups [9 6 ], r e s u l t in g  in  in c reased  ROS damage. 
CP le v e ls  a re  o fte n  ra is e d  as a r e s u l t  o f a cu te  phase p ro te in  
s y n th e s is  and due to  t h e i r  d u a l fu n c tio n  can have harm ful o r 
a m e lio ra tin g  e f f e c t s ,  however th e  l a t t e r  b e n e f ic ia l  e f f e c t  i s  o fte n
!
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reduced s in c e  i t s  p e ro x id ase  c a p a c ity  i s  o f te n  dep ressed  due to  poor 
2+Fe ox id ase  a c t i v i t y ,  perhaps due to  ROS a t ta c k  o f th e  enzyme i t s e l f  
[9 7 ].
D ire c t ev idence fo r  ROS involvem ent in  RA p a th o g en es is  i s  
d i f f i c u l t  to  o b ta in , due to  th e  ra p id  d isap p ea ran ce  of th e se  r a d ic a ls  
from th e  j o i n t s ,  a lthough  in c reased  ROS le v e ls  have been observed in 
SF u s in g  chem ilum inescent te ch n iq u es . Most ev idence fo r  th e i r  
involvem ent i s  th e re fo re  in d i r e c t  or comes from in  v i t r o  s tu d ie s .  The 
fo llo w in g  i s  a  review  o f th e  evidence fo r  r a is e d  ROS le v e ls  in  RA:
♦ _
1) R aised spontaneous H^O^ and 0 ^ p ro d u c tio n  from SF and p e r ip h e ra l  
blood from n e u tro p h ils  and monocytes [9 6 ,9 8 ,9 9 ];
2) PMN and lym phocytes i n f i l t r a t i o n  in to  th e  SF and SM being  in d i r e c t  
ev idence  of an ongoing inflam m atory re a c tio n ;
3) th e  f a c t  th a t  bovine SOD (O rg o te in ) reduces inflam m ation i f  
in je c te d  in to  sy n o v ia l j o i n t  c a v i t i e s ;
4 ) th e  p resen ce  o f IC 's ,  RF and C3b e tc .  in  SF and SM known to  be 
p o te n t a c t iv a to r s  o f n e u tro p h ils ;
5 ) ev idence o f f r e e  r a d ic a l  o x id a tio n  and p e ro x id a tio n  p ro d u c ts  in  RA 
SF and serum, b u t n o t in  o s t e o a r t h r i t i s ,  in d ic a t iv e  of a  lo c a l  and 
system ic  inflam m atory response  [100,100b]; th e  le v e ls  o f th e se
24-
p ro d u c ts  c o r r e la te  w ith  the  le v e ls  o f Fe s a l t s  and d is e a s e  a c t i v i t y  
101];
6) a l te r e d  Fe m etabolism  lead in g  to  “ anaemia of inflammation**.
!
Evidence of in c reased  t r a n s f e r r in  and f e r r i t i n  in  SF, b u t reduced
*
c a p a c ity  to  b ind  Fe [102], in c reased  f r e e  Fe in  SF and SM due to  
m icrohaem olysis [1 5 ]. The f a c t  desferroxam ine in h ib i t s  l ip id
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p e ro x id a tio n  and OH fo rm ation  by c h e la t in g  Fe r e s u l t in g  in  
su p p ress io n  o f inflam m atory  re a c t io n s  in  anim al models [103], The fa c t  
th a t  d e x tra n  bound Fe when ad m in is tra ted  to  RA p a t ie n ts  in c re a se s  
inflam m ation and p e ro x id a tio n  p ro d u c ts  [104];
7) low le v e l s  o f ROS scav en g ers  in  SF and serum [92];
8) damaged co n n ec tiv e  t i s s u e  [47] and th e  p resen ce  o f a u to -a n tib o d ie s  
[58];
9) a l te r e d  lymphocyte re sp o n siv en ess  and numbers [91 ];
10) a l te r e d  Cu m etabolism  w ith  in c reased  f r e e  Cu in  th e  serum SF and 
i n t r a c e l l u l a r l y  due to  reduced h i s t id in e  p a r a l l e l in g  th e  in c reased  CP 
le v e ls  [9 4 ,9 5 ] . O ra l h i s t id in e  causing  c l i n i c a l  improvement in  RA;
11) s t r u c tu r a l  changes to  IgG in  RA sam ples [105] s im ila r  to  damages 
observed in  v i t r o  due to  ECS [106];
12) d e fe c t iv e  monocyte a cce sso ry  fu n c tio n  in  RA-NSAID p a t ie n t s  which 
seems to  be due to  c e l l  su rfa c e  t h io l  o x id a tio n  s in c e  i t  i s  
c o r re c ta b le  by s u lh y d ra te  d ru g s  [289].
I t  has been e s tim a te d  th a t  in  an inflammed sy n o v ia l j o i n t  d u rin g  
phagocy tic  in g e s t io n  th e  SF could co n ta in  between 6 to  612 mM ^2^2’ 
b u t in  RA, where th e re  i s  ev idence o f reduced in t r a  and e x t r a - c e l lu l a r  
scav en g ers , le v e ls  f a r  in  excess o f 612 mM could be achieved and such 
a c o n c e n tra tio n  would be l e th a l  tp  c e l l s  in  i t s  immediate v ic in i t y  and 
in f l u e n t i a l  b u t n o t c y to to x ic  to  th o se  f u r th e r  away [75 ].
F u r th e r  ev idence  o f enhanced phagocy tic  a c t i v i t y  in  RA, 
su g g es tin g  th a t  ROS p ro d u c tio n  may be h igh , i s  in d ic a te d  by a ) 
in c re ase d  lysosom al enzymes in  SF; b ) a high frequency o f low buoyant 
d e n s ity  n e u tro p h ils  ( in d ic a t iv e  o f in  vivo a c t iv a t io n )  con tam inating
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PBMNC p re p a ra t io n s  a f t e r  f i c o l l  s e p a ra tio n  [107]; c ) in c reased  
spontaneous and s tim u la te d  p ro d u c tio n  o f IL -1 by p e r ip h e ra l  blood 
monocytes in  c u l tu re s  and th e  p resence  o f IL -1 in  SF and d ) in c reased  
DR and FC re c e p to r  ex p ress io n  on p h agocy tic  c e l l s .  However a  few 
au th o rs  have found d e fe c t iv e  p h agocy tic  a c t i v i t y  in  v i t r o ,  e .g .  
decreased  chem otactic  re sp o n ses , im paired p h ag o cy to s is , im paired 
b a c te r ia l  k i l l i n g ,  reduced ROS p ro d u c tio n ; however i t  could  be 
proposed th a t  th e se  o b se rv a tio n s  were a r t i f a c t u r a l  due to  e i t h e r  a  
lack  o f s tim u la tin g  f a c to r s  p re se n t in  th e  c u l tu re  medium which a re  
norm ally  p re se n t in  blood and SF o r sim ply  r e f l e c t  in  v ivo  p r io r  
a c t iv a t io n  o f c e l l s  which c a n 't  be fu r th e r  a c t iv a te d .
2 . H u m o ra l im m u n ity
O rig in a lly  w orkers were more in te re s te d  in  look ing  fo r  'd i s o r d e r s  
in  th e  humoral s id e  o f th e  immune system  in  RA, because th e  
consequences o f t h i s  were more obvious. For example th e re  seems to  be
I
h y p e ra c tiv i ty  o f B -c e il  re sp o n ses , p a r t i c u l a r ly  in  e a r ly  a c t iv e  acu te  
and ch ro n ic  a c t iv e  RA, (which d im in ish es  in  re m iss io n s)  as  evidenced 
by th e  p resence  o f rheum atoid f a c to r ,  I C 's ,  a u to a n tib o d ie s , 
hypergammaglobulinemia and in  v i t r o  hyporesponsiveness o f B -c e lls  
su g g es tin g  p r io r  a c t iv a t io n  in  v iv o . Evidence fo r  in  v ivo  a c t iv a t io n  
o f B -c e lls  i s  shown by in  v i t r o  s tu d ie s  showing spontaneous Ig  
p ro d u c tio n , spontaneous B -c e ll  p r o l i f e r a t i o n ,  reduced B -c e ll  d e n s i ty ,  
and in  v ivo  by high  serum B -c e ll  a c t iv a t in g  f a c to r  le v e ls .
P o ly c lo n a l hyperg lobulinem ia in  RA serum i s  evidenced by ra is e d  
IgG and IgM le v e ls ,  however IgA may be norm al, r a is e d ,  or f r e q u e n tly
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reduced. At th e  same tim e, a t  the  major s i t e  o f inflam m ation , namely 
th e  SM, la rg e  amounts o f I g 's  a re  g e n e ra te d . About 25% of th e  Ig  found 
in  th e  SF i s  sy n th es ised  by th e  lymphocyte i n f i l t r a t e s  in  th e  sy n o v ia l 
pannus [108]. These s tu d ie s  however d id  n o t d e f in e  th e  a n tig e n ic  
s p e c i f i c i t y  o f th e  an tibody  produced, some s tu d ie s  have however shown 
th e  p resence o f a u to a n tib o d ie s  to  co llag en  [5 8 ], su g g es tin g  co llag en  
ac ted  as an au to an tig en  and was involved  in  th e  i n i t i a t i o n  and 
p e rp e r tu a tio n  o f th e  ch ro n ic  inflam m atory p ro c e ss . One s tu d y  u s in g  
sy n o v ia l e x p lan ts  from RA p a t ie n ts  p re v io u s ly  immunised w ith  te ta n u s , 
showed th e  p roduction  o f on ly  very  sm all amounts o f  s p e c i f ic  
a n t i - te ta n u s  a n tib o d ie s , su g g es tin g  th a t  th e  c e l l s  were a lre ad y  
im m unologically c om m itted to  a re a c t io n  a g a in s t  an o th er a n tig e n  p r io r  
to  te ta n u s  ch a llen g e  [109]. I t  has been shown th a t  th e  p ro p o r tio n  o f 
Ig  produced in  th e  synovium a re  48% IgG, 18% IgM and 34% IgA [ l i d ] .  
I n te r e s t in g ly  th e  IgG produced by th e  SM showed a r e s t r i c t e d  
e le c tro p h o re t ic  m o b ility  w ith  co n s id e ra b le  e n r ic h m e n t o f th e  IgG3 
su b c la ss  [111]. O thers have found an in c reased  in c id en ce  o f l ig h t  
ch ain s [111 ,112]. Such r e s t r i c t e d  resp o n ses  m ight in d ic a te  a  s e le c t iv e  
s tim u la tio n  o f th e  RA sy n o v ia l lymphoid i n f i l t r a t e  [113]. The major 
humoral immune response in  RA i s  th e  p ro d u c tio n  of rheum atoid f a c to r s  
(RF). The p resence  o f RF i s  termed s e r o p o s i t iv i ty ,  and i t s  absence 
s e ro n e g a tiv i ty  and p a t ie n ts  can sw itch  from one to  th e  o th e r . RF a re  
a u to a n tib o d ie s  d ire c te d  a g a in s t  th e  Fc reg io n  o f IgG m olecules. 
Rheumatoid f a c to r s  a re  found in th e  IgG, IgM and IgA c la s s e s  [114]. 
Although IgG RF i s  th e  predom inant c la s s ,  because of th e  unique 
p ro p e r t ie s  of IgM RF, only  th e  l a t t e r  ten d s  to  be re p o rte d  by 
la b o ra to r ie s .  O ther a u to a n tib o d ie s  th a t  have been re p o rte d  in  RA
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inc lude  a u to a n tib o d ie s  to  c o lla g en , DNA, CD8+ T lymphocytes and 
CD4+Tg^,j. Hence RA i s  regarded  as an autoimmune d is e a s e .
The pathogen ic  im portance o f RF in  RA rem ains c o n tro v e rs ia l .  
S y n th es is  o f RF undoubtly  does occur in  RA SM, b u t w h ils t  e a r ly  
s tu d ie s  in d ic a te d  th a t  about 60% of sy n o v ia l IgG producing c e l l s  
produced IgG RF [115], re c e n t s tu d ie s  showed v ery  few sy n o v ia l 
p la sm a^ce lls  sy n th e s iz in g  RF [110], p o s s ib ly  a rg u in g  a g a in s t  any 
s ig n i f ic a n t  pa thogen ic  ro le  o f RF in  a r t i c u l a r  inflam m ation.
One p o s s ib le  ex p lan a tio n  fo r  RF p ro d u c tio n  i s  th e  a l t e r a t io n  of
f
au to logus IgG by e .g .  re a c t iv e  oxygen sp e c ie s  le ad in g  to  enhanced 
immunogenicity [57 ,116].
Both IgM and IgG RF can f i x  complement [117,118] and re c e n t ly  an 
im m unoregulatory r o le  fo r  RF's a s  a n t i - id io ty p ic  A b's d ire c te d  a g a in s t  
a n t i - b a c t e r i a l  pep tid o g ly can  A b's has been suggested  [119].
In  th e  serum IgM RF may r e a c t  w ith  IgG to  g iv e  immune-complexes 
w ith  a  sed im en ta tion  c o e f f ic ie n t  o f 22 S, which a re  p robab ly  c le a re d  
by th e  r e t ic u lo - e n d o th e l ia l  system  [120]. IgG RFs can s e l f - a s s o c i a te  
and become in te rm e d ia te  s iz e  immune-complexes, th e  p resence  o f which 
has been dem onstrated  in  rheum atoid SM o f bo th  s e ro p o s it iv e  and 
se ro n eg a tiv e  p a t ie n ts  w ith  a c t iv e  d is e a s e  [111].
Such immune-complexes p robab ly  p la y  an im portan t ro le  as 
inflam m atory s t im u li  fo r  RA s y n o v it is  [111 ,121], and may a lso  im pair 
Ig  n e g a tiv e  feed-back  in h ib i t io n ,  th u s  causing  a p e rp e tu a tio n  o f 
immune response  and inflam m ation [122],
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Whatever th e  s p e c i f i c i t y  o f Ab produced by rheum atoid sy n o v ia l 
c e l l s ,  one o f th e  main p o s tu la te s  concern ing  th e  p a th o g en es is  o f 
inflam ination in  RA i s  the  form ation  of immune-complexes in  th e  j o i n t s  
[27]. S ince immune-complexes can cause a c t iv a t io n  o f th e  complement 
cascade .
Immune-complexes have been dem onstrated in  th e  SF and in  th e
—  t
m enisci and th e  c a r t i l a g e  o f RA p a t ie n t s  u s in g  immunofluorescence 
tech n iq u es  [123]. Entrapm ent in th e  c a r t i l a g e  may be due to  th e  charge 
d if f e r e n c e  between th e  m acrom olecules o f c a r t i l a g e  and Ig  [15]. 
A n alysis  o f ICs have shown th a t  a lthough  some co n ta in  a n t i - n u c le ic ,  
a n t i-c o lla g e n  and a n ti- f ib r in o g e n  Ab, most o f th e  ICs w ith in  th e  j o i n t  
co n ta in  RF [8 ] .
However, d e s p ite  co n s id e ra b le  ev idence r e l a t in g  d is o rd e r s  of 
humora'l immunity to  RA, the  q u e s tio n  s t i l l  rem ains whether 
B-lymphocytes r e a l ly  p la y  an im portan t r o le  in  t i s s u e  le s io n s ,  s in c e : 
1) i t  has been noted  th a t  RFs a re  n o t s p e c i f ic  to  RA as th ey  can be 
found in  th e  s e ra  o f p a t ie n ts  w ith  o th e r  rheum atic  d is e a s e s  ( e .g .  
SLE), and o th e r  non-rheum atic  d is e a s e s  ( e .g .  b a c te r i a l  e n d o c a rd i t is ) ,  
as  w e ll and in  normal in d iv id u a ls  [124]; 2) RF i s  n o t p re se n t in  a l l  
RA p a t ie n t s ,  th u s  i s  n o t a  p r e r e q u is i te  fo r  RA; 3) i f  RF i s  
t r a n s fe r r e d  from an RA p a t ie n t  to  a normal s u b je c t  th e re  i s  no e f f e c t ;
4 ) c o n g e n ita lly  agammaglobulinaemic boys show an in c reased  evidence of 
RA in  which humoral responses a re  presum ably o f no im portance [125];
5) a  ch ro n ic  a r t h r i t i s  can be induced in  bursectom ized  ch ickens [126]. 
Thus most in v e s t ig a to r s  now b e lie v e  th a t  d is o rd e rs  in  humoral immunity
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a re  secondary  to  d is o rd e r s  in  c e ll-m e d ia te d  immunity. A lthough one 
re p o r t  s ta t e d  th a t  bursectom ized  or thymectomized ch ickens can develop  
s y n o v it is ,  b u t th e  d is e a s e  i s  worse i f  b o th  organs a re  removed, 
su g g es tin g  th a t  th e  two arms o f th e  a d ap tiv e  immune system  a c t ' in  
c o n c e r t .
3 .  C e l l - m e d i a t e d  im m u n ity
An in c re a s in g  number o f o b se rv a tio n s  su g g est th a t  c e ll-m e d ia te d  
immunity p la y s  a  more im portan t ro le  in  th e  p a th o g en es is  of RA.
In  RA SM th e  predom inant i n f i l t r a t i n g  c e l l  i s  th e  T c e l l  
[24] w h ils t  th e  SF and su p e rn a ta n ts  o f rheum atoid sy n o v ia l t i s s u e s  
show T c e l l  d e riv e d  lymphokine a c t i v i t y  [3 2 ].
A number o f s tu d ie s  have shown impaired T c e l l  fu n c tio n  in  RA. 
Some p a t ie n t s  show d ep ressed  cutaneous h y p e r s e n s i t iv i ty  to  r e c a l l  
a n tig e n s  [127] and s e v e ra l  s tu d ie s  have shown s ig n i f i c a n t ly  depressed  
in  v i t r o  lymphocyte a c t iv a t io n  to  T c e l l  dependent a n tig e n s  (PHA, 
CON-A, PWM) w ith  r e s p e c t  to  norm als [128-130]; however o th e rs  have 
shown norm al resp o n ses  [131]. The d is c re p a n c ie s  may be a t t r ib u ta b le  to  
p a t ie n t  h e te ro g e n e ity  an d /o r d if f e r e n c e s  in  m ethodologies. Some 
w orkers have suggested  th a t  decreased  resp o n ses  a re  p e c u l ia r  to  
p a r t i c u l a r  s u b se ts  o f  p a t ie n t s ,  e .g .  th o se  c h a ra c te r is e d  by th e  
p re sen ce  o f e ro s iv e  j o i n t  d is e a s e  [132] and th o se  th a t  d is p la y  a n e rg ic  
d e layed  h y p e r s e n s i t iv i ty  in  vivo [133], R ecen tly  i t  has been suggested  
th a t  poor p r o l i f e r a t i v e  responses to  so lu b le  a n tig e n s  a re  a 
consequense o f d e fe c t iv e  c e l l  su rfa c e  s ig n a l in g  r a th e r  than  a d e fe c t
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in  th e  T c e l l  p r o l i f e r a t i v e  mechanism [134 ], Most p a t ie n t s  display- 
d e fe c tiv e  PWM s tim u la te d  Ig  p ro d u c tio n  [135-137].
Some p a t ie n ts  show d e fe c t iv e  AMLR and a llo g e n e ic  MLR and ADCC; 
th e re  a re  numerous re p o r ts  of d e fe c t iv e  T c e l l  and non-T c e l l  
su p p resso r a c t i v i t y  (d isc u sse d  l a t e r ) ,  c le a r ly  su g g es tin g  th a t  
immunoregulatory d y sfu n c tio n  may be a m ajor f a c to r  in  th e  i n i t i a t i o n  
an d /o r p e rp e tu a tio n  o f th e  d is e a s e .
The hyporesponsiveness o f rheum atoid m ononuclear c e l l s  in  v i t r o  
i s  somewhat p a ra d o x ic a l, in  view o f th e  ap p aren t h y p e ra c t iv i ty  o f th e  
immune response in  v ivo : th e  b e s t  ex p lan a tio n  to  d a te  i s  th a t
p re a c tiv a t io n  o f th e  c e l l s  in  v ivo  re n d e rs  them unable  to  be tr ig g e re d  
fu r th e r  in  v i t r o .
IMMUNQRE-GULATIQN
In a ch ron ic  d is e a se  such as  RA, i t  i s  u s u a lly  n o t c le a r  w hether 
d e fe c tiv e  im munoregulation i s  secondary  to  th e  d is e a se  p ro cess  o r 
a c tu a l ly  se rv es  to  i n i t i a t e  i t  , o r a t  l e a s t  allow  i t s  e s ta b lish m e n t 
and p e rp e tu a tio n . Inflam m ation i s  u s u a lly  a  s e l f  l im it in g  p ro c e ss , bu t 
i t  i s  c le a r  from th e  s e c tio n s  above th a t  th e  immune system  in  RA i s  
unable  to  co n ta in  th e  v a rio u s  inflam m atory p ro c e sses  occu ring  in  the  
j o i n t  and elsew here in  th e  body. T his i s  e i th e r  because th e  immune 
system  i s  unable to  e f f e c t iv e ly  e lim in a te  th e  i n i t i a t i n g  a n tig e n  o r to  
adequate ly  re g u la te  th e  normal immune response  to  th e  c a u sa tiv e  ag en t. 
In  both  s i tu a t io n s  ch ro n ic  inflam m ation i s  produced. F urtherm ore, 
autoimmune phenemomena a re  h ig h ly  c h a r a c te r i s t i c  o f RA, where some 70%
of p a t ie n ts  a re  s e ro p o s it iv e  [8 ] . In  normal s u b je c ts ,  response  to  s e l f  
an tig en  i s  suppressed  o r e lim in a ted  by re g u la to ry  pathways.
In  view o f th e  above i t  i s  p robab le  th a t  RA has a m u I t i f a c to r ia l  
a e tio lo g y  which in  s u b je c ts  w ith  d e fe c t iv e  im m unoregulation le ad s  to  
th e  developm ent o f a common pathway o f inflam m ation which we term 
“ Rheumatoid d i s e a s e " . T h is concept has led  to  th e  exam ination of 
im munoregulatory pathways in  RA.
T his s e c tio n  w i l l  be considered  under th e  fo llo w in g  head ings, 
a t te n t io n  being  drawn to  7 a ) , 7b) and 8) o f most re lev an ce  to  th i s  
p ro je c t .
Im m unoregulation by:
1) A ntigen i t s e l f
2a) Immunoglobulin
2b) A n ti- id io ty p ic  a n tib o d ie s
3) NK c e l l s
4 ) Veto c e l l s
5) P ro s ta g la n d in s
6) Non-T PBMNC -  phenotyp ic  and fu n c tio n a l  c h a r a c te r iz a t io n .
7) T c e l l s  a )  Phenotypic c h a r a c te r iz a t io n  of T c e l l s
b ) F u n c tio n a l c h a r a c te r iz a t io n  o f T c e l l s
8) Cytokine p roduction
1 )  A n t ig e n  i t s e l f
Since th e  m aintenance of a g iven  immune response  i s  u l t im a te ly
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determ ined by th e  a v a i l a b i l i t y  o f th e  Ag, i t  could be th a t  in  RA th e re  
i s  an i n a b i l i t y  to  r id  th e  body o f a pa th o g en ic  an tig en  (se e  l a t e r ) .
2 a )  Im m u n o g lo b u lin
Ig  m olecules can bo th  enhance o r su p p ress  humoral o r c e l l  
m ediated immunity accom plished by a v a r ie ty  of mechanisms in c lu d in g  Ag 
c le a ra n c e , more e f f i c i e n t  Ag lo c a l i s a t io n ,  th e  g e n e ra tio n  of 
sub p o p u la tio n s  o f o r Tg c e l l s  or a n t i - id io ty p ic  a n tib o d ie s .
Of p a r t i c u la r  re lev an ce  to  th i s  p r o je c t  i s  th e  f a c t  th a t  Ig  
m olecules can in h ib i t  t h e i r  own p ro d u c tio n  and t h i s  has been c a lle d  
“Ab-mediated n eg a tiv e  feedback su p p re ss io n ” [138]. The f i r s t  evidence 
fo r  t h i s  pathway came when i t  was shown th a t  p a ss iv e  a d m in is tra tio n  of 
Ab was a b le  to  su p press  s p e c i f i c a l ly  th e  response  to  a g iven  an tig en  
[139]. The in h ib i t io n  op era ted  a t  two le v e ls  [140]. At high 
c o n c e n tra tio n s  th e  Ab masked Ag d e te rm in an ts  b u t a t  low c o n c e n tra tio n s  
su p p ress io n  was m ediated by th e  Fc p o r tio n  o f th e  Ab. There a re  two 
sch o o ls  o f thought concern ing  the  mechanisms whereby Fc-m ediated 
su p p ressio n  ta k es  p la c e . One id ea  i s  th a t  i t  r e s u l t s  from in te r fe re n c e  
between T-B c e l l  co o p era tio n  [140 ,141]. The second idea  advocates 
d i r e c t  blockage o f B c e l l s  and d iv e rs io n  to  memory c e l l s  [142a]. In 
1971 th e  same au th o rs  proposed th e  t r i p a r t i t e  model of Fc-m ediated 
feedback  sup p ress io n  [142b], where Ig  in  immune complexes bound to  B 
c e l l  an tig en  re c e p to rs  (g iv in g  s p e c i f i c i t y )  and Fc bound to  th e  'Fc 
r e c e p to r .  C ross l in k in g  of th e  two re c e p to rs  was thought to  in a c t iv a te  
B c e l l s .  The c o n f l ic t  between th e  two sch o o ls  o f thought rem ains 
u n reso lv ed , bu t th e  two concep ts  may n o t be m utually  e x c lu s iv e .
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F a c to rs  a f f e c t in g  t h i s  Ab-mediated feedback su p p ress io n  in c lu d e  c la s s  
o r su b c la s s  of Ab and th e  immune s ta tu s  o f th e  h o s t. Enhancement of 
th e  immune response  can occur w ith  p a r t i c u la te  and so lu b le  Ag o fte n  
o c cu rrin g  a t  low c o n c e n tra tio n s  o f Ab and in v o lv in g  i t s  Fc p o r tio n s . 
Some a u th o rs  su g g est th a t  th e  r e l a t i v e  c o n c e n tra tio n  o f Ag and Ab in  
an immune complex d ic t a t e  w hether su p p ress io n  o r enhancement occurs 
[1 38 ,139 ]. A part from Ig s , immune complexes can re g u la te  immune 
resp o n ses  by in h ib i t in g  B c e l l  re sp o n ses  o r augmenting B c e l l  
re sp o n ses  by encouraging  an tig en  p re s e n ta t io n . S o lub le  T c e l l  p ro d u c ts  
can re g u la te  Ab-mediated feedback su p p ress io n  in  v i t r o ,  e .g .  T c e l l  
re p la c in g  f a c to r  (TRF) can in h ib i t  t h i s  su p p re ss io n  i f  added b e fo re  
immune complex a d d itio n  by b in d in g  to  B c e l l  Fc re c e p to rs  and th u s  
b lo ck in g  t h e i r  subsequent in te r a c t io n  w ith  Ab in  th e  immune complex 
[143], e .g .  Immunoglobulin b in d in g  f a c to r  (IBF) from Tr  c e l l s  when 
in cu b ated  w ith  immune complexes can enhance Ab-mediated feedback 
su p p re ss io n  by b in d in g  to  th e  Fc p o rtio n  o f th e  IgG m olecule and 
in s e r t in g  i t s e l f  in to  th e  B lymphocyte membranes [144], e .g .  r  
In te r f e ro n  s t im u la te s  Facb re c e p to r  ex p ress io n  b u t i n h ib i t s  Ab 
m ediated feedback  su p p ress io n  [144b].
As w ell a s  i t s  im m unoregulatory r o le ,  Ab in  th e  form o f immune 
complexes o r Fc fragm ents has been shown to  induce human c 6 l l  
p r o l i f e r a t i o n  which again  i s  a f fe c te d  by c la s s /s u b c la s s  v a r ia t io n  
[145]. More re c e n t ly  i t  has been re p o rte d  th a t  a subfragm ent o f th e  Fc 
fragm ent i s  a b le  to  a c t  as an ad ju v an t in  th e  immune response  [146]. 
In  view o f th e  im portan t im m unoregulatory ro le  o f Ab on th e  immune 
response  i t  i s  h a rd ly  s u rp r is in g  th a t  many immune c e l l s  ex p ress
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re c e p to rs  fo r  th e  Fc p o r tio n  o f Ig ; i t  i s  expressed  on 80-95% of 
immature B c e l l s ,  monocytes, macrophages, PMN, p l a t e l e t s ,  a l l  a c t iv e  
k i l l e r  c e l l s ,  some n u l l  c e l l s  and 30% of r e s t in g  T c e l l s .  FcR 's have 
been d e sc rib ed  fo r  a l l  f iv e  c la s s e s  o f I g 's ,  i . e .  IgG, IgM, IgA, IgD, 
IgE. Although n o t on th e  bu lk  o f r e s t in g  T c e l l s ,  a c t iv a t io n  of T 
c e l l s  in c re a se s  th e  p e rcen tag e  o f FcR+ c e l l s  and plasm a c e l l s  loose 
t h e i r  Fc re c e p to rs .
FcR+ c e l l s  a re  involved in  Ab-mediated c e l l  c y to to x ic i ty  (ADCC), 
type I  h y p e rs e n s i t iv i ty  re a c t io n s ,  p h ag o cy to s is , im m unoregulation, 
e tc .
FcR+ exp ress io n  has been found to  be ra is e d  in  RA [146-149], 
p a r t i c u la r ly  i f  th e re  i s  system ic  d is e a s e  [150], b u t o th e rs  re p o r t  no 
d if f e r e n c e s  compared to  norm als [151]. However FcR+ fu n c tio n  has been 
shown to  be im paired in  p h ag o cy to sis  and in  ADCC p robab ly  due to  
b lock ing  o f FcR 's by immune complexes [152], o r due to  lo s s  o f FcR 's 
fo llow ing  immune complex a ttachm ent [153]. B c e l l s  a lso  p a r t i c ip a te  in  
FcR-raediated su p p ress io n  by producing  a  su p p re ss iv e  B c e l l  fa c to r  
(SBF) and th i s  has been found to  be low in  RA in  v i t r o  [154]. ,
R ecently  a subpopu lation  of MNC has been d e sc rib e d  c a r ry in g  a 
re c e p to r  fo r  Facb fragm ent of IgG (Facb i s  the  IgG m olecule minus th e  
CHg reg io n ) [149]. FacbR+ c e l l s  a re  ra is e d  in  RA [149] (a g re e in g  w ith  
th e  o b serv a tio n  o f in c reased  FcR+ c e l l s  in  RA [146-150]), b u t n o t in  
0A or AS and such c e l l s  were found to  be s im ila r  to  “ th i r d  population** 
c e l l s ,  i . e .  L or n u l l  c e l l s ,  b u t d i f f e r e n t  in  o th e r  re s p e c ts .  A r i s e  
in  FacbR+ c e l l s  i s  r e la te d  to  a r i s e  in IgG s y n th e s is ,  so such a r i s e
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seems to  r e f l e c t  an a ttem p t by th e  immune system  to  l im i t  th e  
p ro d u c tio n  of IgG by p a r t ic ip a t in g  in  re g u la to ry  feedback su p p ress io n  
[155]. In  view o f th e  B c e l l  h y p e ra c t iv i ty  and au to an tib o b y  p roduction  
in  RA, one could q u e s tio n  j u s t  how re c e p tiv e  a re  RA c e l l s  to  t h i s  
su p p re ss io n . RA show d e fe c tiv e  Facb-m ediated feedback su p p ress io n  of 
IgG produced in  v i t r o  [156], and i t  has been shown th a t  the
cell
su p p re ss io n  was due to  b lo ck in g  of accesso ry *  fu n c tio n  by Facb 
fragm ents [157]. FacbR+ c e l l s  seem to  be invo lved  in  th e  e a r ly  s ta g e s  
o f an immune response  [157], su p p o rtin g  th e  h y p o th esis  th a t  
Fc-m ediated su p p re ss io n  r e s u l t s  from in te r fe re n c e  between T and B c e l l  
co o p era t ion [140 ,141 ].
Recent work su g g es ts  th a t  FacbR-mediated feedback su p p ress io n  i s
n o t im paired in  e a r ly  s e ro p o s it iv e  o r pa lind rom ic  RA d is e a s e  (b u t i s
s l i g h t l y  in  e a r ly  se ro n eg a tiv e  d is e a s e )  and develops w ith  p ro g re s s iv e
d is e a s e  [144b]. I t  seems th a t  m odulation o f  RF p ro d u c tio n  by FcR
lig a n d s  i s  complex and i t  i s  l ik e ly  th a t  im m unoregulatory pathways
o th e r  than  n o n sp e c if ic  su p p ress io n  by Facb o r immune com plexes, such
as  a n t i id io ty p ic  a n tib o d ie s  o r T su p p resso r c e l l s  may be more re le v a n t
to  IgM RF c o n tro l .  Whether w ith  p ro g re s s iv e  d is e a s e  B c e l l s ,  become
le s s  re sp o n siv e  to  FcR-mediated feedback su p p ress io n  o r w hether th e  
+ +c a p a c ity  o f FacbR o r FcR to  su p p ress  becomes im paired i s  n o t known. 
What i s  c le a r  i s  th a t  d e fe c tiv e  Facb fragm ent su p p ress io n  shows a 
d i f f e r e n t  tim e cou rse  in  RA than  d e fe c t iv e  T -su p p resso r fu n c tio n , 
which i s  f r e q u e n tly  worse in  e a r ly  RA [245 ,258].
The f a c t  t h a t  dep ressed  serum t h io l  le v e ls  a re  p re se n t in  RA and 
SH groups a re  im p o rtan t in  FcR fu n c tio n  [389] could perhaps go p a r t ly
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to  ex p la in  d e fe c t iv e  immunoregulation h e re , p a r t i c u la r ly  in  th e  l ig h t  
of d a ta  showing 2-ME enhances th e  su p p re ss iv e  e f f e c t s  and FacbR+ 
exp ression  [144b]. Another p o s s ib i l i t y  i s  th a t  h igh  n a tu ra l  le v e ls  o f 
l ip o c o r t in s  may be in h ib i t in g  FcR fu n c tio n  and t h i s  would a f f e c t  both  
phagocy tosis  and im m unoregulation.
2 b )  A n t i - i d i o t y p i c  a n t i b o d i e s
The id io ty p e  netw ork th eo ry  i s  one o f th e  c l a s s i c  hypotheses in  
th e  f i e l d  of im uunoregulation . In  1974, Je rn e  suggested  th a t  th e  
immune system  i s  re g u la te d  through a netw ork o f id io ty p e  
a n t i - id io ty p e  in te r a c t io n s  [158]. T h is concept i s  based on the  
ob serv a tio n  th a t  Ab, as w ell as rec o g n is in g  Ig , can i t s e l f  be 
perce iv ed  as  an immunogen. T his i s  due to  th e  p resence  o f “ idiotypes** 
which a re  unique to  th e  Ag b in d in g  s i t e  o f th a t  Ab and a re  u su a lly  
lo ca ted  in  th e  h y p e rv a riab le  reg io n s  o f th e  Ig  m olecule. Id io ty p e s  
( id s )  a re  thus to  be found on su rfa c e  Ig  ( i . e .  Ag re c e p to r )  o f B c e l l s  
as w e ll a s  on se c re te d  Ig . They appear a ls o  to  be p re se n t on T c e l l  Ag 
re c e p to rs  [159] and have been dem onstrated  on T^ and T^ su b se ts  
[160 ,161]. Thus id io ty p ic  re g u la tio n  can occur a t  bo th  c e l l u l a r  and 
humoral le v e ls .
An Ag e l i c i t s  th e  p ro d u c tio n  of Ab^ which g iv e s  r i s e  to  Ab£ 
( a n t i - id io ty p e )  and t h i s  then r e s u l t s  in  th e  fo rm ation  o f Ab^ 
( a n t i - a n t i - id io ty p e )  and so on, e s ta b l is h in g  a netw ork. Each Ab e i th e r  
u p re g u la te s  or dow nregulates th e  a c t i v i t y  o f th e  p reced in g  component. 
T h is immunoregulatory a b i l i t y  i s  re p o rte d  to  be dependent on th e  dose 
and iso ty p e  used, e .g  low doses o f a n t i - i d  can g r e a t ly  enhance th e
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I
ex p ress io n  o f th e  a p p ro p ria te  id io ty p e  in  response  to  a g iven  Ag,
/
w hile h ig h e r doses produce supp ress io n  [162].
E a rly  s tu d ie s  showed th a t  w h ils t  f a m il ie s  o f Ab^ ex p ress  s im ila r  
b u t n o t id e n t ic a l  Ag b in d in g  s i t e s  [163], th ey  could a l l  be bound by 
one a n t i - id io ty p ic  an tiserum . T his suggested  th a t  t h i s  Ab^ c a r r ie d  a 
“ sh a red ” , “ p u b lic ” o r “ c r o s s - r e a c t iv e ” id io ty p e  (CRI). T his would a lso  
ex p la in  why Ab^ i s  o fte n  found n o t to  ex p ress  th e  same an tig en  b in d in g  
s p e c i f i c i t y  a s  Ab^, a lth o u g h  i t  may c a r ry  th e  same id io ty p e  as Ab^. 
The o ccu rrence  of C R I's i s  found to  depend on th e  n a tu re  o f th e  
immunising Ag and the  g e n e tic  make-up o f th e  in d iv id u a l [163].
I t  i s  found th a t  a u to -a n tib o d ie s  f r e q u e n tly  ex p ress  C R I's . The
I
r e s t r i c t e d  n a tu re  o f id io ty p e s  has been dem onstrated  on RF [164], 
s in c e  th e  m a jo rity  o f IgM a n ti-Ig G  A b's c a r r ie d  th e  Wa id io ty p e . More 
r e c e n t ly  s i m i l a r i t i e s  between some IgG and RF's has been re p o rte d
[165], which may be exp lained  by th e  re c e n t o b se rv a tio n  in mice th a t  
a u to -a n tib o d ie s  u t i l i s e  on ly  a  l im ite d  number o f V„ gene fa m ilie sn
[166].
The p resence  o f C R I's  i s  p a r t i c u la r ly  p e r t in e n t  to  autoim m unity 
s in c e  some au th o rs  b e lie v e  th a t  a  lo s s  o f s e l f  to le ra n c e  may r e s u l t  
from such a n tig e n ic  d e te rm in a n ts . Furtherm ore, th e re  e x i s t s  much 
ev idence su g g es tin g  th a t  responses where C R I's  a re  p re v a le n t a re  
p a r t i c u l a r ly  s u s c e p tib le  to  id io ty p ic  re g u la t io n . These two a sp e c ts  o f 
id io ty p y  a re  d iscu ssed  below.
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i )  I n d u c t i o n  o f  a u to im m u n i ty
I t  has been suggested  th a t  an invad ing  m icroorganism  may e l i c i t  
an Ab re sp o n se , where th e  l a t t e r  c a r r ie s  an id io ty p e  which i s  shared  
w ith  a u to re a c tiv e  lym phocytes [167]. In d u c tio n  o f s p e c i f ic  fo r  th e  
id io ty p e  cou ld  then  p ro v id e  help  fo r  th e  au to an tib o d y  resp o n se .
An a l t e r n a t iv e  p o s s ib i l i t y  i s  th a t  d u rin g  a normal immune
response , immature B c e l l s  a re  g e n e ra te d , some o f which a re
a u to re a c tiv e  [163]. The in d u c tio n  o f to le ra n c e  re q u ire s  high a f f i n i t y
»
b ind ing  o f immature B c e l l s  to  Ag [168]; low a f f i n i t y  b in d in g  in h ib i t s  
to le ra n c e . The au th o rs  o f t h i s  h y p o th esis  su g g est th a t  Ab which 
c ro s s re a c ts  w ith  ( i . e .  i s  a n t i - id io ty p ic  fo r )  Ag re c e p to rs  on
a u to re a c tiv e  B c e l l s ,  does so w ith  low a f f i n i t y  and th e re fo re  could 
in h ib i t  th e  t o l e r i s a t i o n  o f th e se  B c e l l s  and th u s  lead  to  th e
p roduction  o f autoimmune phenomena.
C le a r ly  in  bo th  hypotheses a d e fe c t  in  th e  im m unoregulatory T
c e l l  c i r c u i t  i s  re q u ire d  fo r  autoim m unity to  a r i s e .
Another mechanism whereby id io ty p y  may cause lo s s  o f s e l f  
to le ra n c e  i s  th rough  th e  occurrence o f “ in te r n a l  image** . A n ti- id io ty p e  
and id io ty p e  a re  m u tu a lly  in d u c ib le , i . e .  can induce Ab^. This
occurs because A b ^ is  b e liev ed  to  c a r ry  th e  “ in te r n a l  image” o f th e  
A g ,  which g iv e s  r i s e  to  th e  fo rm ation  o f Ab^. T his idea  has been used 
s u c c e s fu l ly  in  in f e c t io u s  d is e a s e s ,  where in d iv id u a ls  can be 
v acc in a ted  a g a in s t  A g 's which a re  h ig h ly  in fe c t io u s  o r n o t re a d i ly  
a v a i la b le , by u s in g  Ab£ [159].
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I t  has been suggested  th a t  autoim m unity may a r i s e  i f  th e  immune 
response g e n e ra te s  a n t i - i d  A b 's , which c a r ry  th e  “ in te rn a l  image" of 
an a u to a n tig e n . R ecen tly  experim ents were c a r r ie d  ou t u s in g  an an ti-A b 
which bore th e  “ in te r n a l  image" of human IgG Fc; t h i s  was ra is e d  u s in g  
IgM RF from p a t i e n t s  and was used to  show th a t  “ in te r n a l  image” 
a n t i - i d  A b 's could  behave l ik e  Ag. Thus a  p r o l i f e r a t i v e  (b u t no t 
s e c re to ry )  response  was ob ta ined  from p a t ie n t s  w ith  RA bu t n o t from 
normal in d iv id u a ls .  Furtherm ore th e  a n t i - i d  blocked RF s y n th e s is  »by 
PBMNC bu t had no e f f e c t  on th e  t o t a l  IgM response  fo llow ing  PWM 
s tim u la tio n  [169].
Such id io ty p e s  a re  th e re fo re  p o te n t ia l ly  pow erful to o ls  fo r  
a n a ly s in g  a n tig e n ic  s t r u c tu r e s .
i i )  R e g u l a t i o n  o f  t h e  a u to im m u n e  r e s p o n s e
A number o f in v e s t ig a to r s  have re p o rte d  th e  occurrence  of 
a n t i - id io ty p e  A b 's in  p a t i e n t 's  s e r a  c o in c id e n t w ith  c l i n i c a l  
improvement, e .g .  a )  a n t i - i d  A b's to  au to logous anti-DNA were observed 
in  SLE p a t ie n t s  and t h i s  was a s s o c ia te d  w ith  decreased  d is e a s e  
a c t i v i t y  [170]; b ) in  RA in  v i t r o  su p p ress io n  o f monoclonal RF 
s y n th e s is  by th e  co rrespond ing  a n t i - i d  Ab has been rep o rte d  [171] and 
in  v ivo  decreased  RF a c t i v i t y  in th e  serum of a  fem ale p a t ie n t  w ith  
monoclonal IgM gammopathy fo llo w in g  th e  appearence o f an a n t i - i d  Ab 
has been re p o rte d  [172].
O bserva tions such as th e se , and th e  p resence  of CRI, c le a r ly  
in d ic a te  an o p p o rtu n ity  to  m anipu late  autoimmune behav iour. A lthough
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a n t i - id io ty p ic  th e rap y  has been used w ith  some su ccess  in  t r e a t in g  
human B c e l l  lymphoma, th e  use o f such a g en ts  has n o t proved very  
f r u i t f u l  in  autoim m unity. T his i s  because su p p ress io n  of id + c lo n es  
le a d s , a f t e r  a sh o r t  la te n c y  p e rio d , to  th e  emergence o f id io ty p e  
n e g a tiv e  A b's o f th e  same s p e c i f i c i t y .  Furtherm ore, s id e  e f f e c t s  such 
as serum s ic k n e ss  and immunosuppression have to  be co n sid e red .
3 )  N a t u r a l  k i l l e r  c e l l s
t
Over th e  l a s t  decade p r a c t i c a l ly  a l l  m ajor c e l l  ty p es  have been 
considered  to  be involved  in  im m unoregulation to  a g re a te r  o r le s s e r  
d eg ree . One re c e n t con tender i s  th e  NK c e l l .  These c e l l s  a re  la rg e  
g ra n u la r  lymphocytes which sh are  some c h a r a c te r i s t i c  T - c e l l  su rfa ce
A g 's , e .g . CD8, and CD2, and can be d e te c te d  by u s in g  a com bination o f 
Mabs, e .g . NKH-1 s p e c i f ic  fo r  CD56, NK-15 (Leu-11) s p e c i f ic  fo r  CD16 
(Fc re c e p to r  o f IgG), HNK-1 (Leu-7) CD57 and a n ti-C D ll Mab. They have 
been re p o rted  to  m odulate B c e l l  d i f f e r e n t i a t io n  [173] and Ig
p ro d u c tio n  [174 ,175], by p roduction  o f IL -1 , IL -2 , BCGF and r-IF N . 
There appears to  be some d isp u te  over th e  ex ac t mechanism whereby NK 
c e l l s  m ediate t h e i r  su p p re ss iv e  e f f e c t s  on B c e l l s ,  s in c e  T,, c e l l s  
[173], an tig en  exposed accesso ry  c e l l s  [175] and B c e l l s  [174] have 
a l l  been d e sc rib ed  as th e  ta r g e t  c e l l s .  I t  i s  even p o s s ib le  th a t  they  
can re g u la te  IL-2 p ro d u c tio n .
Phenotypic marker s tu d ie s  show NK numbers to  be normal in  th e
b lood , b u t th e i r  a c t i v i t y  to  be reduced, and in  th e  RA synovium th e re  
ap pears  to  be a lack  o f NK numbers and c e l l  a c t i v i t y  [176 ,177], which 
i s  perhaps n o t s u rp r is in g  s in ce  NK fu n c tio n  i s  h ig h ly  dependent on
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a c t iv a t io n  by IL-2 [178], whose p ro d u c tio n  i s  d e fe c t iv e  in  RA. In view 
o f i t s  e f f e c t  on Ab s y n th e s is ,  an absence of NK c e l l  a c t i v i t y  in  an SM 
synovium a lre ad y  d e f ic ie n t  in  fu n c tio n  would se rv e  to  fu r th e r
enhance th e  B c e l l  response .
4 )  V e to  c e l l s—£----------------------  t
S ince ve to  c e l l s  a re  _ im portan t in  th e  m aintanance o f s e l f  
to le ra n c e  and n e g a tiv e  re g u la tio n  o f th e  ongoing immune resp o n se , i t  
i s  p o s s ib le  th a t  d e fe c ts  in  t h e i r  numbers an d /o r fu n c tio n s  could  have 
a ro le  in  the  p a th o g en es is  o f RA.
5 )  P r o s t a g l a n d i n s
fatty acids
P ro s ta g la n d in s  a re  a fam ily  o f 20 carbon a l ip h a t i c  u n sa tu ra ted k  
which a re  gen era ted  by every  t i s s u e  in  th e  body ex cep t fo r  th e  
e ry th ro c y te s  [63 ]. They were o r ig in a l ly  d e sc rib e d  a s  smooth muscle 
s t im u la n ts  [6 1 ], b u t have s in c e  been found to  be p o te n t 
im m unoregulators, e s p e c ia l ly  of c e l l u l a r  immunity and a t  
p h y s io lo g ic a lly  re le v a n t c o n c e n tra tio n s , a p a r t  from t h e i r  w e ll known 
a c tio n  as  inflam m atory m ed ia to rs . PG 's have th u s  been shown to  a ) 
in h ib i t  T c e l l  m ito g en esis  in  response  to  PHA and CON-A [179], b) 
in h ib i t  E - ro s e t te  form ation  [180], c )  in h ib i t  Tc g e n e ra tio n  in  MLR 
[181], d ) in h ib i t  th e  form ation  o f T c e l l  c o lo n ie s  in  v i t r o  [182] and 
e ) in h ib i t  y-IFN p ro d u c tio n  (which in  tu rn  i s  th ough t to  be 
re sp o n s ib le  fo r  th e  con tinued  growth o f EBV transfo rm ed  c e l l s  from RA 
p a t ie n t s  r a th e r  than due to  d e fe c ts  o f Tg a c t i v i t y )  [183].
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A number o f in v e s t ig a to r s  b e lie v e  th a t  some o f th e  above e f f e c t s  
may be achieved  through PG a c tio n  on IL-2 sy n th e s iz in g  c e l l s ,  s in c e  
IL -2 p ro d u c tio n  has been shown to  be in h ib i te d  by in  bo th  anim als
[184-186] and humans [187 ,188].
Furtherm ore, PG 's may a ls o  p rev en t c e l l s  from responding  to  IL -2 , 
e .g .  PGE2 in h ib i te d  th e  p r o l i f e r a t i o n  o f IL -2-dependent T c e l l  l in e s  
in  response  to  exogenous IL -2 [188].
Some a u th o rs  b e lie v e  th a t  th e  in h ib i to r y  e f f e c t  o f PGE2 on IL-2 
p ro d u c tio n  i s  th rough d i r e c t  a c tio n  [186 ,188], w h ils t  o th e rs
h y p o th esise  th a t  IL-2 p ro d u c tio n  i s  suppressed  in d i r e c t ly  th rough th e  
in d u c tio n  o f i r r a d ia t io n - s e n s i t iv e ,  s e n s i t iv e  CD8+ T c e l l s  [189].
I t  has been suggested  th a t  th e  c o n f l ic t in g  re p o r ts  on th e  absence o r 
p resence  o f such a T<, c e l l  may depend on th e  c o n ce n tra tio n  o f
I .
used in  th e  experim ents [188].
PGE2 has been re p o rte d  to  d ec rea se  NK and ADCC a c t i v i t y
[190 ,191], which i s  in te r e s t in g  in  view o f a  f in d in g  th a t  PGE  ^
in c reased  FcR ex p ress io n  [192]. NK a c t i v i t y  i s  d im in ished  in  RA and 
in c reased  PGE2 a c t i v i t y  may be one o f th e  c o n tr ib u to ry  f a c to r s .
There a re  c o n f l ic t in g  r e p o r ts  on th e  a b i l i t y  o f PG 's to  re g u la te
humoral re sp o n ses, e .g .  in  man th e  p r o l i f e r a t i v e  response to  PWM is  
n o t a f fe c te d  by p h y s io lo g ic a l c o n c e n tra tio n s  o f PG [179,193,194] bu t 
th a t  induced by staphy loccocus au reus (SA) i s  su p p ressed , su g g es tin g  
d i f f e r e n t  B c e l l  su b se ts  may vary  in  t h e i r  s u s c e p t ib i l i t y  to  
PG-mediated re g u la t io n . Likew ise, th e  e f f e c t s  o f PG 's on an tibody
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responses has a lso  produced c o n f l ic t in g  d a ta ,  e .g .  one re p o r t  showed 
PGE2 could cause a dose-dependent in h ib i t io n  o f Ig  s e c re t in g  c e l l s  in 
PWM and SA s tim u la te d  B c e l l  c u l tu re s  ( th e  suppressed  the
p ro d uction  o f B c e l l  d i f f e r e n t i a t io n  f a c to r  (BCDF) from mitogen 
s tim u la ted  T c e l l s  and a lso  th e  c a p a c ity  o f B c e l l s  to  respond to  
BCDF) J 1 9 5 ] ;  in  c o n tra s t  PG sy n th e ta se  in h ib i to r s  have been found to  
suppress th e  Ab response o f PBMNC in  man, and t h i s  su p p ress io n  i s  
re v e r s ib le  w ith  low c o n c e n tra tio n s  o f However, th e  IgM response
was n o t f u l l y  r e c o n s t i tu te d  by PGP^' su g g es tin g  o th e r  cyclooxigenase 
p ro d u c ts  may be more im portan t in  m odulating t h i s  c la s s  o f response 
[193].
I
I t  has been shown th a t  PGE  ^ does n o t a f f e c t  B c e l l s  o r monocytes 
d i r e c t l y  [196], b u t p robab ly  th e  e f f e c t s  on B c e l l s  were m ediated 
through a c tio n  on o r Tg c e l l s .  The same au th o r su g g es ts  th a t  Tg 
c e l l s ,  which in h ib i t  Ig  p ro d u c tio n , a re  them selves suppressed  by PGE2 
and th a t  NSAID in h ib i t s  PGE2 p ro d u c tio n  and re le a s e s  th e  in h ib i to r y  
in flu en ce  on Tg c e l l s  which can then su p p ress  an ongoing Ab 
re sp o n se .
Support fo r  th e  above h y p o th esis  comes from th e  o b se rv a tio n  th a t  
Tg c e l l s  d e fin ed  by FcyR ex p ress io n  c a r r ie d  la rg e  numbers o f PGE^ 
re c e p to rs  [197]. Most o f th e se  c e l l s  appeared to  be CD8+ , and removal 
o f th e se  c e l l s  decreased  th e  amount of sup p resio n  o f Ig  s y n th e s is  
observed w ith indom ethacin, bu t d id  n o t re v e rse  i t  com ple te ly . The 
lack  o f complete re v e r s a l  has been suggested  to  be because some CD4+ 
c e l l s  can be induced to  become Tg c e l l s  [196] -  w ithou t undergoing any 
phenotypic changes in  th e  p ro cess  - ,  by o th e r  CD4+ c e l l s  [1 9 8 ]).
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On th e  o th e r  hand PGE^ has been shown to  s t im u la te  c e r ta in  T 
and non-T su p p re sso r c e l l s  th a t  re g u la te  IL -2 p ro d uction  
[1 8 9 ,1 9 9 ,199a,273] and some PWM-induced CD11+ T8 c e l l s  [200],
W ith re fe re n c e  to  RA, where la rg e  q u a n t i t i e s  o f PGE  ^ have been 
re p o rte d  to  be p re s e n t  in  th e  SF [201], i t  i s  c le a r  th a t  i t s  p resence
may have profound e f f e c t s  on th e  immune fu n c tio n  o f th e  sy n o v ia l
t i s s u e .  F i r s t l y  i t  would e x p la in  the  d ep ressed  T c e l l  re sp o n ses  seen 
in  th e  RA synovium; seco n d ly  i t  would p ro v id e  an ex p lan a tio n  fo r  th e  
exuberan t Ab response  in  th e se  t i s s u e s ;  th i r d ly  th e  f in d in g  th a t
cyclooxygenase in h ib i to r s  d e c rea se  IgM RF p ro d u c tio n  in  RA p a t ie n t s
[202] would su g g es t t h a t  th e  h igh  le v e l  o f RF in  RA j o i n t  may be due 
to  th e  su p p re ss io n  o f Tg c e l l s  by PGE2 , which in  norm als su p p ress  RF 
p ro d u c tio n  [196 ],
A lthough i t  i s  b e lie v e d  th a t  PGE2 may m ediate i t s  e f f e c t s  on 
c e l l u l a r  and humoral re sp o n ses  by a l t e r in g  th e  i n t r a c e l lu l a r  cAMP and 
cGMP le v e l s ,  i t  should  no ted  however th a t  changes in  the  
c o n c e n tra tio n s  o f th e se  n u c le o t id e s  and changes o ccu rrin g  in  c e l l  
fu n c tio n  do n o t alw ays c o r r e la te  [188,203]
6 )  N on-T  PBMNC p h e n o t y p i c  and  f u n c t i o n a l  c h a r a c t e r i z a t i o n
Enum eration o f t o t a l  B c e l l s  by Mabs o r im m unofluorescent 
la b e l l in g  fo r  s u r fa c e  Ig  has shown r e l a t i v e  numbers and p e rcen tag es  in  
RA blood to  be w ith in  th e  norm al range.
56
D if f e r e n t ia l  blood counts re v e a l no g ro ss  d if f e r e n c e s  in  
immunoregulatory c e l l  numbers o f lymphocytes o r monocytes, a lth o u g h  
n e u tro p h il  con tam ination  o f PBMNC p re p a ra t io n s  accoun ts  fo r  th e  
in c reased  WBC coun t, in d ic a t in g  p r io r  a c t iv a t io n  o f n e u tro p h ils  in
I
v iv o .
Higher numbers o f CD5+ B c e l l s  have been observed in  RA [204] and
a re  thought to  be committed to  au to an tib o d y  p roduction  [205]. There i s
a lso  an in c reased  number o f a c t iv a te d  B c e l l s  in  th e  blood compared to
norm als [206] as  in d ic a te d  by a decreased  number o f mouse red  blood
c e l l  r o s e t t in g  c e l l s  [207], and t h i s  in c reased  a c t iv a t io n  seems to  
«
c o r r e la te  w ith  th e  degree  o f a c t iv e  s y n o v it is  [208]. Even in  norm als 
th e re  a re  always some a c t iv a te d  B c e l l s  in  th e  c i r c u la t io n ,  due to  an 
ongoing immune response a g a in s t  d a i ly  encountered environm ental
pathogens. D ecreased SBF has been found a f t e r  HAGG ( to  mimic IC) 
s tim u la tio n  o f B c e l l s  and t h i s  c o r r e la te s  d i r e c t l y  w ith  ag ing  and 
in v e rse ly  w ith  d is e a se  a c t i v i t y ,  su g g es tin g  th a t  t h i s  could be one 
fa c to r  causing  u n c o n tro lle d  Ab and IC form ation  and help  to  account 
fo r  th e  p a th o g en es is  and c h ro n ic i ty  o f RA [154].
Monocytes, macrophages and B c e l l s  p lay  a minor ro le  in  th e  
supp ress io n  o f immune re sp o n ses , b u t d e fe c ts  in  numbers o r fu n c tio n s  
even a t  t h i s  le v e l  could  be s ig n i f i c a n t  in  th e  p a th o g en es is  o f RA.
7 a )  P h e n o t y p i c  c h a r a c t e r i s a t i o n  o f  T c e l l s
T - c e l ls  a re  u s u lly  co n sid ered  to  be the  main proponent o f 
im m unoregulation.
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Two b a s ic  approaches can be used to  s tudy  immunoregulatory^ T 
c e l l s :  one c o n s is ts  o f pheno typ ic  q u a n t i f ic a t io n  o f lymphocyte su b se ts  
w ith  p u ta t iv e  r e g u la to ry  p ro p e r t ie s  u s in g  Mabs s p e c i f ic  to  p a r t i c u la r  
s u b se ts ;  a l t e r n a t iv e ly  one can c a r ry  ou t fu n c tio n a l  an a ly se s  o f th e  
r e g u la to ry  s u b s e ts .
Based on th e  f a c t  th a t  i t  i s  p o s s ib le  to  d e te c t  T lymphocyte 
su b p o p u la tio n s  w ith  unique b io lo g ic a l  fu n c tio n s  on th e  b a s is  o f t h e i r  
c e l l  s u r fa c e  a n tig e n ic  components u s in g  Mabs; Mabs have been w idely  
used in  v a r io u s  d is e a s e  c o n d itio n s  in c lu d in g  RA (on PBMNC, SF and SM 
c e l l s )  to  p ro v id e  im m unodiagnostic c lu e s . •
Enum eration o f  t o t a l  T c e l l s  by E - ro s e t t in g  tech n iq u es  and 
anti-CD 3 Mabs has shown th a t  t h e i r  p e rcen tag e  and numbers in  th e  blood 
a re  w ith in  th e  norm al range , b u t th e re  i s  an in c reased  number o f 
a c t iv a te d  T c e l l s  and in  sy n o v ia l f lu id  [209].
As w i l l  be seen w ith  re s p e c t to  RA, phenotyp ic  r e p o r ts  heve been 
very  c o n f l ic t in g ,  p a r t i c u l a r ly  in  th e  b lood , sometimes p o s s ib ly  
because heterogeneous p o p u la tio n s  o f RA p a t ie n t s  in  term s o f d is e a se  
a c t i v i t y  an d /o r d rug  tre a tm e n t were used and a lso  because of th e  
d i f f e r in g  Mabs e le c te d  to  be used by th e  d i f f e r e n t  la b o ra to r ie s .  The 
r e s u l t s  seem to  become more c o n s is te n t  a s  one moves from th e  blood to  
th e  SF and to  th e  SM.
Most r e p o r ts  a re  based s o le ly  on com parisons of th e  r a t i o s  o f 
CD4+ to  CD8+ c e l l s  which were termed T h e lp e r or T su p p re sso r
(Tg) c e l l s  r e s p e c t iv e ly ,  b u t d u rin g  th e  p e rio d  1971-89 id eas  about th e
\
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fu n c tio n s  o f c e l l s  b e a rin g  such phenotypes have a l te r e d  and i t  i s  now
agreed th a t  th e re  e x i s t s  enormous phenotyp ic  and fu n c tio n a l
h e te ro g e n e ity  w ith in  each o f th e se  s u b s e ts ,  such th a t  even th e
term inology Tu/T (because some CD4+ T - c e l l s  a re  in d u cers  o f v a r io u s  H /1
c e l l  ty p es  in c lu d in g  Tg c e l l s  as w ell a s  h e lp e rs  fo r  T-T, T-B and 
T-macrophages in te r a c t io n s )  and Tg^, (because  some CD8+T - c e l ls  a re  
c y to to x ic  as  opposed to  su p p resso r c e l l s )  a re  in s u f f ic ie n t .
Using com binations o f anti-CD4 o r anti-CD 8 Mabs w ith  v a r io u s  new 
Mabs, fu n c tio n a lly  d is t in g u is h a b le  su b se ts  a re  c o n tin u o u s ly  been 
found; w ith  h e lp e r and su p p resso r a c t i v i t y  even amongst b o th  m ajor 
su b se ts . H e tero g en e ity  e x i s t s  w ith in  each subpopu la tion  w ith  re s p e c t 
to  t h e i r  a c t iv a t io n ,  growth and d i f f e r e n ta t io n  req u irem en ts  and 
d i f f e r e n t  modes o f a c tio n  and ta r g e t  c e l l s .  They a lso  d i f f e r  in  
r a d ia t io n ,  s te r o id ,  PG and mytomicin C s e n s i t i v i t y ,  however a rev iew  
o f such su b se ts  w i l l  n o t be g iven  here .
Even to  da te , Mabs tend to  be n o n sp e c if ic  and reco g n ise  a n tig e n s
on o th e r  c e l l s ,  so th e  long term  aim i s  to  f in d  a b a t te r y  o f Mabs w ith
b e t t e r  s p e c i f i c i t y  th a t  d e f in e  fu n c t io n a l ly  unique T c e l l  su b se ts  to  
p rov ide  a b e t t e r  c o r r e la t io n  between phenotyp ic  and fu n c tio n a l a sp e c ts  
o f T c e l l s .  I t  may w ell be found th a t  such new a n tig e n s  a re  im p o rtan t 
in  th e  fu n c tio n  o f th e  c e l l s  in q u e s tio n , j u s t  as th e  CD4 and CD8 (and 
CDW29) a n tig e n s  have proved to  be im portan t n o t j u s t  in  c e l l  
re c o g n itio n  and adhesion , b u t a lso  re g u la t in g  TCR fu n c tio n . I t  would 
a lso  need to  be proved th a t  m ark er-fu n c tio n  r e la t io n s h ip s  a re  th e  same
in  h e a lth  and d is e a s e . Once a l l  th e se  improvements and p ro o fs  have
been made, phenotypic a n a ly s is  w i l l  be a more r e l i a b l e  p ro g n o s tic  and
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im munodiagnostic techn ique  than i t  i s  a t  p re s e n t.
Of re lev an ce  to  t h i s  p ro je c t  i s  th e  f a c t  th a t  th e  T4 su b se t
in c lu d es  th e  CD4+ 4B4+ memory c e l l s  (Tu / t ) which always fu n c tio n  in  aH / l
h e lp e r c a p a c ity  and induce o th e r  c e l l  types ( e . g .  augment Ig  
p ro d uction  [210-213]) and CD4+ 2H4+ v irg in  c e l l s  (T g^j) th a t  fu n c tio n
in an in d u cer c a p a c ity  of CD8+ su p p resso r c e l l s  [210,212-213]; th e
+  +  +  -0)8  p o p u la tio n  in c lu d e s  CD8 CD11 Tp44 c e l l s  w ith  su p p resso r
p ro p e r t ie s  fo r  c e ll-m e d ia te d  immunity and humoral immunity in  th e
p resence  o f monocytes and CD8+ CD11 Tp44+ c e l l s  w ith  c y to to x ic
p ro p e r t ie s .  Most pheno ty ic  an a ly ses  have th e re fo re  re p o rte d  CD4+ and
CD8+ and more re c e n tly  and in term s of p e rcen tag e  of t o t a l
PBMNC or T c e l l s ,  o r a s  r a t i o s  such as  CD4+ :CD8+ (norm ally  2 :1 ) o r
^ H / I ' ^ S / I '  S ince p e rcen tag es  o r r a t i o s  do n o t inform  one of
q u a n t i ta t iv e  d if f e r e n c e s ,  wherever d i f f e r e n t i a l  blood coun ts  m easuring
t o t a l  lymphocyte numbers were c a r r ie d  out ,  numbers of in d iv id u a ls
su b se ts  were c a lc u la te d  based on th e  p e rcen tag es  found.
i )  P e r i p h e r a l  b l o o d
A nalysis  o f T c e l l  su b se ts  in  RA p e r ip h e ra l  blood has shown th e  
pe rcen tag e  o f and c e l l s  to  be w ith in  th e  norm al range
[209,214-216], w h ils t  o th e rs  have found th e  p ro p o rtio n s  o f CD4+ c e l l s
to  be s ig n i f ic a n t ly  in c reased  and those  o f CD8^ -to 'be s ig n i f ic a n t ly
reduced compared to  norm als [217-218]. T h is  d isc rep an cy  i s  p robab ly  
r e la te d  to  d is e a s e  a c t i v i t y ,  s in c e  i t  has been re p o rte d  th a t  only  
p a t ie n ts  w ith  a c t iv e  d is e a s e  have reduced p e rcen tag es  of CD8+ c e l l s ,  
w h ils t  th o se  w ith  in a c t iv e  d is e a se  do no t d i f f e r  from norm als
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[219-220] In  a c t iv e  d is e a s e  a red u c tio n  in  a b so lu te  numbers o f CD8+ 
c e l l s  has a lso  been re p o rte d  [216 ,218 ,220]. S ince t o t a l  T c e l l  numbers 
seem unchanged, th e  d if f e r e n c e  may be made-up by “ th ir d  p o p u la tio n  
c e l l s ” which show in c reased  E A -ro se tte  form ation  [148].
A nother p o s s i b i l i t y  comes from th e  re c e n t o b se rv a tio n  th a t  th e re  
i s  a red u c tio n  in  c e l l s  in RA and o th e r  a r t i c u l a r  d is e a s e s  [221],
which might ex p la in  th e  d e f i c i t  o f CD8+ c e l l s  re p o rte d  by some o f th e  
above a u th o rs , s in c e  CD8+ c e l l s  a re  dependent on p ro d u c ts  of 
c e l l s  fo r  t h e i r  a c t iv a t io n  and fu n c tio n .
In  vivo a c t iv a t io n  o f p e r ip h e ra l  blood T c e l l s  in  RA has been 
re p o rte d  to  be normal [220,222] o r in c reased  [209,223,224] as 
in d ic a te d  by th e  ex p ress io n  o f c la s s  I I  a n tig e n s . The a c t iv a te d  c e l l s  
seem to  belong predom inan tly  in  the  CD8+ p o p u la tio n  [209]. Using a 
d ec rea se  in  lymphocyte d e n s ity  as an in d ic a to r  fo r  c e l l  a c t iv a t io n ,  i t  
has been found th a t  in c reased  numbers o f low d e n s ity  lymphocytes 
occurred  only  in  p a t ie n ts  w ith  a c t iv e  s y n o v it is ,  b u t n o t in  th o se  wi th  
EAD [208].
i i )  S y n o v i a l  f l u i d
Most au th o rs  agree  th a t  the  p e rcen tag e  of CD8+ c e l l s  i s  enhanced
I
in  th e  SF o f RA p a t ie n t s  [209 ,216 ,218 ,219 ], w h ils t  th a t  o f CD4+ c e l l s  
may be normal [220] o r reduced [209,216 ,218 ,219] in com parison to  
p e r ip h e ra l  blood. The in c reased  CD8+ c e l l s  c o r r e la te  w ith  d is e a s e  
a c t i v i t y  [225]. The in c reased  CD8+ c e l l s  in the  SF could be due to  a 
homing mechanism (CD8+ c e l l s  have been dem onstrated  to  show
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p r e f e r e n t i a l  homing to  s i t e s  of inflam ination [226]) or may be due to  
s e le c t iv e  p r o l i f e r a t i o n  in  th i s  re g io n . The r i s e  in  Fe b ind ing  
p ro te in s  in  th e  j o i n t  could in flu en c e  th e  m ig ra tio n  o f lym phocytes to  
th e  j o i n t  and th e i r  subsequent a c t iv a t io n  s in c e  lymphocytes p o sse ss  Fe 
b in d in g  p ro te in  su rfa c e  re c e p to rs  [227].
These o b se rv a tio n s  a re  s u rp r is in g  in  view o f th e  dep ressed  le v e ls  
o f CD4+ 2H4+ c e l l s  in  th e  SF [221]. I t  has been suggested  th a t  th e  
in c re a se  in  CD8+ c e l l s  in  th e  SF b u t t h e i r  red u c tio n  in  th e  p e r ip h e ra l  
b lood i s  due to  th e  m ig ra tio n  to  th e  SF where th ey  become a c t iv a te d  
[216]. Although many o f th e  c e l l s  in  th e  SF appear a c t iv a te d  
[209 ,216 ,220 ,224 ,228 ], th e re  i s  a d isc rep an cy  as  to  which su b c la s s  th e  
m a jo r ity  o f th e se  a c t iv a te d  c e l l s  belong. One re p o r t  s ta te d  th a t  c la s s  
I I  an tig en  appeared on bo th  CD4+ and CD8+ c e l l s  [220], b u t th e  
m a jo r ity  o f a c t iv a te d  c e l l s  were CD4+; t h i s  c o n tr a s ts  wi th  o th e r  
r e p o r ts  s t a t in g  th a t  th e  m a jo rity  o f a c t iv a te d  c e l l s  were -CD8+ ^ s/ q 
c e l l s  [209 ,216]. Another re p o r t  suggested  th a t  CD8+ p o p u la tio n  may 
r e f l e c t  a su b se t o f T8 c e l l s  [229] found w ith in  DRW6+ and DRW6 V ic ia  
V il lo s a  adheren t p o p u la tio n s  which have a dua l fu n c tio n : t h a t  o f Ag
b in d in g  and p re se n tin g  to  T^ c e l l s  and to  p rev en t su p p resso r c e l l s  
from in h ib i t in g  h e lp e r c e l l s ,  and so have been c a l le d  c o n tra su p p resso r 
(CSC) c e l l s  [230]. T his seems p a r t i c u la r ly  l ik e ly  in view o f th e  f a c t  
th a t  CD8+ c e l l s  in  th e  SF appear to  augment Ig  sy n th e s is  [231] and 
s t im u la te  AMLR [232] r a th e r  than in h ib i t in g  them.
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i i i )  S y n o v i a l  membrane
R eports of th e  p ro p o r tio n s  o f T c e l l  su b se ts  in  th e  SM have been 
c o n f l ic t in g  p robab ly  due to  d i f f e r in g  m ethodologies u s in g  d i f f e r e n t  
tech n iq u es  to  e lu te  th e  lymphocytes from th e  SM (chem ical or
enzym atic), u s in g  d i f f e r e n t  Mabs, in s p e c tin g  th e  c e l l s  im m ediately o r 
a f t e r  s to ra g e  and s t i l l  o th e rs  have analysed  th e  lymphoid p o p u la tio n s  
w h ils t  in  s i t u  u s in g  h is to ch em ica l te c h iq u e s . W hilst most
in v e s t ig a to r s  have dem onstrated  a  preponderance o f CD4+ c e l l s  in  th e  
SM, w ith  r a t i o s  o f CD4+ :CD8+ rang ing  from 4 :1  to  14:1 [233], re p o r ts
o f normal p ro p o r tio n s  [234] o r reduced numbers [215] have a lso  been 
found. I t  has been proposed th a t  th e se  d if f e r e n c e s  may a ls o  due to  
sam pling v a r ia t io n s ,  s in c e  immunoelectron m icroscopic  s tu d ie s  have 
shown th a t  CD4+ c e l l s  predom inated in  lymphocyte r ic h  a re a s  (where
m acrophage-like  c e l l s  a lso  r e s id e ) ,  w h ils t  CD8+ c e l l s  predom inated in
t r a n s i t i o n a l  a re a s . These CD8+ c e l l s  had th e  appearance o f b l a s t  c e l l s  
and were rep o rte d  to  be in c lo se  c o n ta c t wi th  m acrophage-like  c e l l s
I
[235].
A red u c tio n  in  c e l l s  has a lso  been rep o rte d  in  RA SM [236],
which might in  tu rn  ex p la in  th e  d im in ished  le v e ls  o f CD8+ c e l l s  in  
t h i s  t i s s u e ,  since--'the Tg^j a re  a lso  sa id  to  be th e  main p ro d u cers  o f 
IL -2 , needed fo r  CD8+ c e l l  fu n c tio n .
The in te r le u k in s  IL-1 and IL -2 may a lso  be im portan t in  
d e te rm in in g  th e  p e rcen tag es  of c e l l s  ex p re ss in g  th e  CD4+ and CD8+ 
phenotypes. IL-1 i s  rep o rted  to  a c t iv a te  m ainly CD4+ c e l l s ,  which in
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tu rn  g e n e ra te  IL -2 , causing  s tim u la tio n  of CD8+ c e l l s  [237]. W hilst 
p ro d u c tio n  o f th e  form er i s  re p o rted  to  be e lev a te d  in  RA [238], th a t  
o f th e  l a t t e r  i s  found to  be reduced [239-241]. Furtherm ore, T - c e l ls  
from th e  SM where found n o t to  respond to  exogeneous IL -2 [240 ,241], 
p robab ly  due to  p r io r  a c t iv a t io n .  An average of 40% of T c e l l s  in  the  
SM a re  a c t iv a te d  [16] and w h ils t some au th o rs  re p o r t  CD4+ to  be th e  
main HLA DR+ c e l l s  [242], o th e rs  found CD8+ to  be th e  main a c tiv a te d  
c e l l s  [209]. T his could  be to  sam pling d if f e r e n c e s  an d /o r th e  f a c t  
th a t  T c e l l s  can ex p ress  bo th  phenotypes fo llo w in g  a c t iv a t io n  [243].
Whatever th e  ex p lan a tio n  fo r  th e  d if f e r e n c e s  in  th e  CD4+ and CD8+ 
c e l l  re p re se n ta tio n  in  th e  SM, i t  has c le a r  im p lic a tio n s  fo r  the  
immunological a c t i v i t y  in  th e  RA j o i n t ,  e . g .  in  sy n o v ia l sam ples where 
Tg/c were p re se n t in  s im ila r  p ro p o r tio n s  to  th o se  o f c e l l s ,
f o l l i c u l a r  arrangem ents were r a re  and th e  d i f f e r e n t  c e l l  ty p es  were
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d is t r ib u te d  d i f f u s e ly  throughout th e  synovium. Only in  sam ples where 
T g/c  numbers were low, was th e re  a g a th e r in g  of c e l l s  in to  f o l l i c l e s  
[244]. The d ec rease  in  CD8+ c e l l s  in  th e  SM i s  s tra n g e  in  view o f th e  
in c re a se  in  th e  SF; one ex p lan a tio n  i s  th a t  th e re  i s  lo c a l  d e s tru c t io n  
o f such c e l l s  as they  pass  through th e  SM by e . g .  NK c e l l s  o r humoral 
f a c to r s ,  e . g .  IC o r an ti-lym phocy te  a n tib o d ie s .
P heno typ ica l a n a ly s is  forms only  an i n i t i a l  assessm ent o f th e  
re g u la to ry  pathways and of more im portance i s  th e  s tudy  of w hether o r 
n o t th e  c e l l s  fu n c tio n  in  t h e i r  phenotyp ic  r o l e .
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b )  F u n c t i o n a l  c h a r a c t e r i s a t i o n  o f  T c e l l s
In  view o f th e  B -c e ll  h y p e ra c tiv i ty  in  RA and th e  autoimmune 
n a tu re  of th e  d is e a s e , much emphasis has been p laced  on th e  
measurement o f su p re sso r  T -c e l l  fu n c tio n , s in c e  i t  i s  g e n e ra lly  
b e lie v ed  th a t  a  d e f i c i t  i s  l ik e ly  to  e x i s t  h e re , r a th e r  than  due to  
ex ce ss iv e  h e lp e r T - c e l l  fu n c tio n , s in c e  a c t i v i t y  i s  known to  be 
im portan t in  th e  dow n-regu la tion  o f th e  immune response  and 
m aintenance o f th e  “dynamic s t a t e  of to le ra n c e '* .
i )  S u p p r e s s o r  c e l l  f u n c t i o n  i n  RA
Evidence fo r  d e fe c t iv e  su p p resso r a c t i v i t y  in  RA in  v a rio u s
t
compartments i s  given below:
1) D i r e c t  e v i d e n c e  f o r  d e f e c t i v e  Tg f u n c t i o n  i n  b l o o d
D efec tiv e  CON-A induced su p p resso r a c t i v i t y  has been observed fo r  
su p p ress io n  o f B -c e ll  s y n th e t ic  responses [258], B -c e ll  p r o l i f e r a t i v e  
resp o n ses  [245] and T - c e l l  p r o l i f e r a t i v e  responses ( in  b o th  MLC and 
m ito g en -s tim u la ted  au to logous p r o l i f e r a t i v e  c u l tu re s ;  [245 -249]).
Of th e  few re p o r ts  in v e s t ig a t in g  A g -sp ec if ic  su p re sso r  c e l l  
a c t i v i t y ,  d e fe c t iv e  su p p resso r a c t i v i t y  was found u s in g  
ovalbum in-prim ed [250] and EBV-immune p a t ie n t s  [251].
D e fec tiv e  (spon taneous) s h o r t  liv e d  su p p re sso r a c t i v i t y  has a ls o  
been found in  the  blood [252].
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2 ) D i r e c t  e v i d e n c e  f o r  d e f e c t i v e  Tq f u n c t i o n  i n  SF and  SM
Absent CON-A induced su p p resso r a c t i v i t y  fo r  su p p ress io n  of 
p r o l i f e r a t i v e  MLC responses has been observed in  RA sy n o v ia l t i s s u e  
[252].
D efec tiv e  n a tu r a l ly  o c cu rrin g  spontaneous su p p resso r c e l l  
a c t i v i t y  fo r  su p p ress io n  o f B -c e ll  re sponses has been found in  
sy n o v ia l t i s s u e  [279] and SF lymphocytes [231].
Deeming th e  la ck  o f CON-A induced and spontaneous su p p re sso r c e l l  
a c t i v i t y  to  be due to  inadequate  h e lp e r a c t i v i t y ,  th e  l a t t e r  au th o r 
[231] c o cu ltu red  sy n o v ia l f lu id  lymphocytes wi th p e r ip h e ra l  blood 
T - c e l ls  (which in c id e n tly  behaved as normal c e l l s )  only  to  f i nd  th a t  
Ig  sy n th e s is  was enhanced. T his was s u rp r is in g ,  s in c e  most o f th e  
sy n o v ia l f lu id  lymphocytes were o f the  CD8+ phenotype, su g g es tin g  a 
dyscrepancy between phenotype and fu n c tio n . T his enhancement was 
re fe r re d  to  as ‘"helper augmentation** and i t  was suggested  th a t  th e se  
CD8+ c e l l s  may be analogous to  th e  murine c o n tra -su p p re s so r  c e l l s  
d e sc rib ed  by Gershon [253]. Another au th o r ob ta ined  s im ila r  d a ta  u s in g  
a p u r if ie d  CD8+ Leu 3a and B -c e ll  p o p u la tio n  [215].
D efec tiv e  A g -sp ec ific  su p p resso r a c t i v i t y  has been observed in 
sy n o v ia l t i s s u e  lymphocytes [254].
The lack  o f su p p resso r a c t i v i t y  here  le ad s  to  in te r a c t io n s  
between a lre ad y  a c tiv a te d  T^, macrophages and B c e l l s  lead in g  to  
ex cessiv e  IL-1 p roduction  (which in tu rn  s t im u la te s  c o llag en ase
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re le a s e  in c re a s in g  d e g ra d a tiv e  p ro cesses  in  th e  j o i n t )  and s tim u la tio n  
of IgM p ro d u c tio n  which from a s in g le  knee can be 5-95 mg/day [113].
However, in  s tu d ie s  where is o la te d  CD8+ c e l l s  have been examined, 
th e se  c e l l s  have been re p o rte d  to  be very  e f f i c i e n t  su p p re sso rs  
[215 ,255], e . g .  SF CD8+ c e l l s  could su p p ress  PWM-induced Ig  sy n th e s is  
as  w ell as t h e i r  p e r ip h e ra l  blood CD8+ c e l l s .  However, th e  same CD8+ 
p o p u la tio n  was le s s  ab le  to  suppress  PPD -stim ulated c u l tu re s  ( t he  same 
was found fo r  blood CD8 c e l l s ) ,  perhaps because PWM i s  a more 
e f f i c i e n t  g e n e ra to r  o f su p p resso r a c t i v i t y  [256].
Suppressor c e l l  d e fe c ts  could r e s u l t  from a m u ltitu d e  of 
mechanisms such as th e  fo llow ing : 1) a v iru s  could p r e f e r e n t i a l ly
m odulate su p p resso r T - c e l ls  causing  auto-Ag ex p ress io n  r e s u l t in g  in  
a l te r e d  se lf-A g , le ad in g  to  auto-Ab form ation  th a t  r e s u l t s  in  f u r th e r  
in a c t iv a t io n  o f Tg c e l l s  and th e  ex p ress io n  o f a u to - re a c t iv e  B -c e ll  
c lo n es ; 2) ICs could  m odulate Fcy re c e p to rs  on Tg c e l l s  and th u s  a l t e r  
t h e i r  a c t i v i ty ;  3) c e r ta in  pathogen ic  a u to - a n t i - id  Abs could d e s tro y  
Tg c e l l s ,  p a r t i c u la r ly  in  view of th e  J  B CD5+ in  RA, known to  s e c re te  
auto-A bs; 4 ) a l te r e d  T c e l l  A g's ( e . g .  d e fe c t iv e  g ly c o sy la tio n )  could 
ren d e r Tg su rfa c e  m olecules a n tig e n ic  and cause t h e i r  s e le c t iv e  
k i l l i n g ;  5) la ck  o f Tg^j c e l l s ;  6) lack  o f Tg^j f a c to r s  (TgGF, TCDF, 
IL -2 , ?"-IFN) o r f a c to r s  from monocytes (PC®2 and IL -1 ); 7) d e fe c tiv e  
p ro d u c tio n  o f A g -sp ec if ic  su p p resso r f a c to r s  (TgF) an d /o r 
A g -n o n -sp ec ific  su p p resso r f a c to r s  (SIRS); 8) d e fe c t iv e  re sp o n siv en ess  
in  ta r g e t  c e l l s  (B, T and m onocytes); 9) d e fe c t iv e  Ag p re s e n ta t io n  in
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A g -sp ec if ic  p a th s ; 10) a r t i f a c t u a l  d i lu t io n  o f by non-Tc
O  O
lym phocytes; 11) in c reased  CD8+ CSC, o r CD4+ , o r CD8+ Tc  numbers 
a n d /o r fu n c tio n ; 12) anti-CD8 lym phocytotoxic Ab; 13) a n ti-T Q/T Ab;
O /  X
14) abnormal s e n s i t i v i t y  o f CD8+ to  in h ib i to r y  e f f e c t s ,  e . g .  PGE2 ; 15) 
d e le t io n  o f T -E cr  c e l l s  v ia  ANA of IgG c la s s  p e n e tr a t in g  th e  c e l l s  
th rough  i t s  Fc re c e p to r  and b ind ing  to  t h e i r  n u c le i  and ab ro g a tin g  
spontaneous and CON-A induced su p p resso r c e l l  fu n c tio n , as can occur 
in  MCTD; 16) d e fe c t iv e  response to  m itogens in  44 induced** su p p resso r 
a ssa y s ; 17) by d i lu t io n  o f Tg re g u la to ry  f a c to r s  e i th e r  by m etabo lic  
breakdown o r in c reased  fu n c tio n a l a c t i v i t y  o f B c e l l s .
Evidence th a t  some of th e se  mechanisms a re  in  o p e ra tio n  in  RA a re  
g iven  below:
a ) E v i d e n c e  f o r  l y m p h o c y t o t o x i c  Ab
Evidence fo r  anti-CD8 Ab in  blood in  e a r ly  RA ( l e s s  than  3 
m onths) has been noted [257,258] and in  one pap er, in  ch ro n ic  < RA
[259], b u t g e n e ra l ly  no anti-CD8 Ab a re  found in ch ro n ic  o r in a c t iv e  
RA [258]. L evels o f anti-CD8 Ab a re  p a r t i c u l a r ly  high in  RA wi th  
“m alignan t v a s c u l i t i s ” [260].
Evidence fo r  a n ti-T g ^ j has been found in  ju v e n i le  RA [261].
b) E v i d e n c e  f o r  d e f e c t i v e  r e s p o n s i v e n e s s  
o f  B c e l l s  t o  s u p p r e s s i v e  s i g n a l s
Using a CON-A induced su p p re sso r assay , such a d e fe c t  was
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observed in  e a r ly  and ch ro n ic  a c tiv e  RA [245].
c ) E v i d e n c e  f o r  a b n o r m a l  s e n s i t i v i t y  o f  CD4+ T - c e l l s  
l e a d i n g  t o  d e f e c t i v e  f u n c t i o n
C erta in  g la s s  ad h eren t c e l l s  (o f  monocyte, T- o r B -c e ll  lin e a g e )  
su p p ress  m itogen- o r EBV-stim ulated T - c e l l  m ito g en esis  by p roducing  
PGE2 . The l a t t e r  in h ib i t s  j'-IFN p roduction  from CD4+ c e l l s  which i s  
n ecessa ry  fo r  Tg fu n c tio n  [262a,262b] The CD4+ c e l l s  appear to  be 
abnorm ally s e n s i t iv e  to  th e  in h ib i to r y  e f f e c t s  o f [2 6 2 b ].
d ) A u t o - a n t i - i d i o t y p i c  Ab
Evidence has been found fo r  RF id io ty p ic  Ag on p e r ip h e ra l  B- and 
T - c e l ls  in  RA [263].
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e) D e f e c t i v e  r e s p o n s i v e n e s s  t o  CON-A
T - c e l ls  from RA p a t ie n ts  blood have f re q u e n tly  been found to  be 
un responsive  to  CON-A, p a r t i c u la r ly  SF lymphocytes [264]. T h is  may be 
one reason  why CON-A induced su p p resso r a c t i v i t y  i s  f re q u e n tly  found 
to  be d e fe c t iv e  in  RA, p a r t i c u la r ly  in  SF [265].
Some p apers  su g g est th a t  th e  CON-A su p p resso r c e l l  d e fe c ts  a re  
more ap p aren t in  s e ro p o s it iv e  RA [266] o r in  e a r ly  a c t iv e  d is e a se  
[258 ,245], o r in  ju v e n ile  RA [267-269], o r in  th e  p resence  o f RA wi th 
EAD, in  p a r t i c u la r  “ m alignant a r th r it is* *  (RA wi th t ru e  v a s c u l i t i s ,
[260].
69
The dem onstra tion  of a  more pronounced su p p resso r d e fe c t  in  e a r ly  
a c t iv e  d is e a s e  could mean th a t  immunological d y sfu n c tio n  p la y s  a ro le  
in  th e  i n i t i a l  p a th o g en es is  o f RA. I t  could  be th a t  in  RA SM, where 
T-lymphocyte le v e ls  a re  h igh , th e  lymphocytes may co n ta in  v i r u s - l i k e  
p a r t i c l e s  which could m odulate auto-Ag o f Tg c e l l s  le ad in g  to  auto-Ab 
production w ith  f u r th e r  in a c t iv a t io n  o f Tg c e l l s  w ith  subsequent 
expansion o f a u to - re a c tiv e  B -clones, w ith  inflam m ation being  
m ain tained  by th e  a u to -a n tig e n ic  changes caused by the  v iru s  and 
p e rp e tu a te d  by ROS.
There i s  some evidence th a t  c e r ta in  Tg c e l l s  in h ib i t  RDS
I
p ro d u c tio n , th u s  th e o r e t ic a l ly  a  d e fe c t  in  th e se  Tg c e l l s  could  r a i s e  
ROS le v e ls  which could  then  in h ib i t  o th e r  Tg c e l l s  and worsen th e  
immunodysfunction and p e rp e tu a te  inflam m ation [270].
However, n o t a l l  th e  l i t e r a t u r e  ag rees  th a t  d e fe c t iv e  su p p resso r 
a c t i v i t y  occurs in  RA.
O ther s tu d ie s  have shown no s ig n i f ic a n t  CON-A induced su p p resso r 
c e l l  d e fe c t fo r  su p p ress io n  of B -c e ll  resp o n ses  [258,260] o r T - c e l l  
re sp o n ses  (m ito g en -s tim u la ted  p r o l i f e r a t i o n ,  MLR, m ito g en -s tim u la ted  
AMLR) [245 ,247 ,248 ,271 ,272], p robab ly  due to  heterogeneous d is e a s e  
a c t i v i t y  and n o t ta k in g  in to  c o n s id e ra tio n  drug th e rap y , s in c e  th e se  
s tu d ie s  used p a t ie n t s  who were ta k in g  s te r o id  o r su lp h y d ra te  d ru g s.
O ther s tu d ie s  have shown excess s h o r t  l iv e d  su p p resso r a c t i v i t y  
in  p e r ip h e ra l  b lood , b u t again  bad cho ice  o f p a t ie n t s  (m ild  o r
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in a c tiv e  d is e a se  and th e  use o f su lp h y d ra te  d rugs an d /o r low dose 
s te r o id s )  may account fo r  t h i s  [271,272].
S t i l l  o th e rs  have shown excess r a d io s e n s i t iv e  s tim u la te d
CD8+ T - c e l l  and n o n -T -c e ll spontaneous su p p resso r a c t i v i t y  fo r  
re g u la tio n  o f IL-2 p ro d u c tio n  in  RA [273]. In  th i s  s tu d y  none o f th e  
p a t ie n t s  had taken  second l in e  d rugs fo r  a t  l e a s t  th re e  months, and 
NSAID tre a tm e n t was withdrawn 24 hours b e fo re  th e  a n a ly s is .  I t  i s  no t
known w hether th e re  i s  excess number o r potency o f such c e l l s ,  o r
w hether th e se  c e l l s  a re  abnorm ally s e n s i t iv e  to  th e  s t im u la to ry  
e f f e c t s  o f PGE2 [273]. I t  has been suggested  th a t  t h i s  ex ce ssiv e  
su p p resso r fu n c tio n  could account fo r  reduced IL -2 p roduction  in  RA 
[273], and could p a r t ly  ex p la in  th e  in  v i t r o  hyporesposiveness o f RA 
T- and B -c e lls  to  m itogens and A g's [2 6 2 d ].
E xcessive CON-A induced su p p resso r a c t i v i t y  o f MLC [274] and
ex cessiv e  s e n s i t i v i t y  o f B -c e lls  to  HAGG-stimulated in f lu e n c e s  in  
RA blood has been observed [272]; however in  th e  form er paper the  
p a t ie n ts  were on su lp h y d ra te  d ru g s , and in  the  l a t t e r  on a v a r ie ty  o f 
m ed ications.
In th re e  s tu d ie s  a v a r ie ty  o f fu n c tio n a l su p p resso r a ssay s  were 
assessed  in  th e  same in d iv id u a ls :  1) excess CON-A induced mitomycin-C 
s e n s i t iv e ,  bu t reduced mitomycin-C r e s i s t a n t  su p p resso r a c t i v i t y  has 
been found fo r  in h ib i t io n  o f B -c e ll  re sponses in  an a llo g e n e ic  system  
[269]; 2) d e fe c t iv e  CON-A induced su p p ressio n  o f B and T 
c e l l  responses was found in  e a r ly  a c t iv e  RA, bu t in  ch ron ic  a c t iv e  RA, 
d e s p ite  normal CON-A induced su p p ress io n  of T c e l l  re sp o n ses ,
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d e fe c t iv e  su p p ress io n  o f B c e l l  re sponses was observed [245]; 3)
ex cesss  s h o r t  liv e d  su p p resso r a c t i v i t y ,  norm al o r d e fe c t iv e  CON-A 
induced su p p ressio n  o f T - c e l l  re sp o n ses , and ex cessiv e  s e n s i t i v i t y  of 
B -c e ll  to  HAGG-stimulated Tc c e l l  was observed [272].
The f in d in g  o f a f lu c tu a t io n  in  CON-A induced su p p resso r a c t i v i t y  
w ith  d is e a s e  a c t i v i t y  may su g g est th a t  such d e fe c ts  r e f l e c t  secondary 
m a n ife s ta tio n s  o f th e  d is e a s e  r a th e r  than  s ig n i f i c a n t  p a th o g en e tic  
e v e n ts . The f in d in g  o f excess su p p resso r a c t i v i t y  fo r  re g u la tio n  of 
c e r ta in  fu n c tio n s  and d e fe c t iv e  su p p resso r a c t i v i t y  fo r  re g u la tio n  o f 
o th e r  fu n c tio n s  i s  n o t c o n tra d ic to ry , s in c e  i t  can be hypo thesised  
th a t  such c e l l s  re g u la te  d i f f e r e n t  c i r c u i t s  independen tly  o f each 
o th e r .
S ince rheum atoid inflam m ation s t a r t s  from th e  SM, th e  s tu d y  o f SM 
o r SF lym phocytes may be more re le v a n t  than blood lymphocytes -  
however most s tu d ie s  use p e r ip h e ra l  b lood lymphocytes because o f th e  
d i f f i c u l t i e s  in  o b ta in in g  th e  form er two ty p es  o f lym phocytes, and 
even g r e a te r  d i f f i c u l t i e s  in  o b ta in in g  s u i ta b le  c o n tro l lym phocytes; 
th u s  on th e  assum ption th a t  p e r ip h e ra l  blood lymphocytes fu n c tio n  
s im ila r ly  to  j o i n t  lym phocytes, th e  form er a re  f re q u e n tly  u t i l i s e d .
i i )  H e lp e r  c e l l  f u n c t i o n  in  RA
There i s  now evidence fo r  a complex b a t te r y  o f T^ c e l l s  fo r  
u p -re g u la tio n  o f th e  immune response  in c lu d in g  a n tig e n  s p e c i f ic  T^ 
c e l l s  p ro v id in g  help  by re c o g n itio n  o f c a r r i e r  d e te rm in an ts  on Ag (a s  
opposed to  th e  h ap ten ic  d e te rm in an ts  recogn ised  by B c e l l s ) ,  p ro v id in g
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help  by re c o g n itio n  o f Ig  d e te rm in an ts  ( is o ty p e , a l lo ty p e  and id io ty p e
i
s p e c if ic  c e l l s )  and a n tig e n  non s p e c i f ic  c e l l s  induced by
m itogens. A ll fu n c tio n  d i r e c t l y  o r in d i r e c t ly  v ia  an tig en  s p e c i f ic  
an d /o r a n tig e n  non s p e c i f ic  so lu b le  f a c to r s .
Experim ents an a ly s in g  fu n c tio n  in  RA have lik ew ise  produced
c o n f l ic t in g  d a ta .
In  p e r ip h e ra l  b lo o d . fu n c tio n  has been re p o rte d  to  be
d e fe c tiv e  [215 ,275], normal [231], o r in c reased  [276]. One re p o r t  
examined th e  spontaneous g e n e ra tio n  o f IgM RF p ro d u c tio n  in  v i t r o  and 
re p o rte d  th a t  T - c e l ls  from RA p a t ie n ts  produced enhanced help  fo r
auto-Ab p ro d u c tio n  which was n o t HLA r e s t r i c t e d ,  th u s  normal as  w ell 
as RA B -c e lls  could be induced to  g e n e ra te  RF when c o -c u ltu re d  w ith  RA 
T - c e l l s  [277].
In  th e  . jo in t , SF T^ c e l l s  have been shown to  have a low a b i l i t y  
to  Cooperate w ith  PWM-induced RF s e c re t io n  [278].
Synovial t i s s u e  lymphocytes a re  s a id  n o t to  d i f f e r  from normal 
p e r ip h e ra l  blood lymphocytes in  h e lp e r a c t i v i t y  fo r  Ig  p ro d uction
[279], w h ils t  o th e rs  found i t  to  be im paired compared to  au to logous 
p e r ip h e ra l  blood T - c e l ls  [231].
In  s tu d ie s  examining is o la te d  CD4+ c e l l s ,  c o n tra d ic to ry  d a ta  has
■ f
been o b ta in ed , Leu 3a c e l l s  have been found to  be weak augm entators 
o f th e  Ab response [215], whereas SF CD4+ c e l l s  were found to  be
b e t t e r  augm entators o f PWM-induced help  than th e  co rrespond ing
u n fra c tio n a te d  T - c e l l s ,  perhaps due to  su p p ress io n  by PWM-stimulated
+ +CD8 c e l l s  of CD4 fu n c tio n  in  th e  u n fra c tio n a te d  p re p a ra tio n
[255 ,256].
F u n c tio n a l a ssay s  have c le a r ly  produced much c o n f l ic t in g  d a ta .
T h is  i s  p robab ly  because in v e s t ig a to r s  have t r i e d  to  an a ly se  complex
re g u la to ry  system s w ith  r e l a t i v e ly  sim ple f r a c t io n a t io n  o r c u l tu re
system s, to g e th e r  w ith  th e  f a c t  th a t  more and more ev idence i s
accum ulating reg a rd in g  th e  h e te ro g e n e ity  o f th e  two main T - c e l l  
+ +su b se ts  (CD4 and CD8 c e l l s ) ,  e .g . a  much g re a te r  degree  o f 
h e te ro g e n e ity  than  was p re v io u s ly  a p p re c ia te d  e x i s t s  in  th e  CD8+ 
su b se t in  which th e  e x is ta n c e  of su p p re sso r p re c u rso r  T - c e l l s ,  
su p p resso r a c t iv a to r  and e f f e c to r  T - c e l ls  have been p o s tu la te d  [280], 
to g e th e r  w ith  an tig en  s p e c i f ic  Tg c e l l s  (p ro v id in g  su p p ressio n  by 
re c o g n itio n  o f c a r r i e r  d e te rm in an ts  on Ag) , a n tig e n  non s p e c i f ic  Tg 
c e l l s ,  Tg p ro v id in g  su p p ress io n  by re c o g n itio n  o f Ig  d e te rm in an ts  
( is o ty p e , a llo ty p e  and id io ty p e  s p e c i f ic  Tg c e l l s ) .  A ll fu n c tio n  
d i r e c t l y  o r in d i r e c t ly  v ia  an tig en  s p e c i f ic  an d /o r non s p e c i f ic  Tg 
f a c to r s .
A lso, Tg^j a c t i v i t y  i s  s a id  n o t to  e x i s t  in  unprimed T - c e l ls  
[281], w h ils t  o th e rs  b e lie v e  i t  does [198 ,210]. These d if f e r e n c e s  may 
be due to  th e  form er group u s in g  an Ag to  examine such an in te r a c t io n ,  
w h ils t  th e  l a t t e r  used PWM.
U n til  T -c e l l  p o p u la tio n s  a re  more c le a r ly  d e fin ed  p h e n o ty p ic a lly  
and fu n c tio n a lly , and th e  v a rio u s  in te r r e la t io n s h ip s  b e t t e r  
e s ta b l is h e d , i t  i s  p robab le  th a t  c o n tra d ic to ry  d a ta  w il l  co n tin u e  to  
emerge from v a rio u s  s tu d ie s .  -
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8) Cytokine production
R egulation  o f th e  immune response i s  achieved in  p a r t  by th e  
re le a s e  o f so lu b le  m ed ia to rs  c a l le d  c y to k in es  produced by mononuclear 
c e l l s .  Recent ev idence has in d ic a ted  in b a lan ces  in th e  p ro d u c tio n  o f 
th e se  cy to k in es  in  RA which may be re le v a n t  to  th e  immunopathogenesis 
o f th e  d is e a s e . The cy to k in es  inc lu d e  an tig en  non s p e c i f ic  f a c to r s ,  
e .g .  IL -1 , IL -2 , ^-IFN and an tig en  s p e c i f ic  f a c to r s ,  e .g .  T^F and TgF.
IL - 1  p r o d u c t i o n
In response  to  Ag o r m itogens, monocytes, macrophages and 
d e n d r i t ic  c e l l s  produce IL -1 [40,282] a p o ly p ep tid e  o f MW 15 kd. T his 
then  induces T - c e l ls  o f bo th  CD4+ and CD8+ phenotype to  produce IL -2, 
a lthough  CD4+ T g ^  a re  thought to  b e - th e  main producer [236]. IL -2 
sy n th e s is  i s  n ecessa ry  fo r  lymphocyte p r o l i f e r a t i o n  [283] and 
s tim u la te s  T - c e l l  j'-IFN p ro d u c tio n  [284], an o th er cy to k in e  which 
re g u la te s  th e  immune response .
IL-1 p ro d u c tio n  has been dem onstrated  in  th e  RA SM [40,285] and 
SF [286]. IL-1 has s e v e ra l a c t i v i t i e s  re le v a n t to  th e  p a th o lo g ic a l 
changes seen in  th e  rheum atoid j o i n t s ,  e .g .  causing  c o lla g en a se  and PG 
s e c re t io n  by sy nov iocy tes [4 0 ], th e  p r o l i f e r a t i o n  o f f ib r o b la s ts
[287], th e  in d u c tio n  o fchondrocy tes to  degrade th e  c a r t i l a g e  m a trix
[288] and s t im u la te s  bone re so rp tio n  and T^ and B c e l t  a c t i v i t y .  IL-1
p ro d u c tio n  i s  ra is e d  from p e r ip h e ra l  blood monocytes [289-291] and
I
th i s  may account fo r  the  system ic  fe a tu re s  o f RA, namely n e u tro p h i l ia ,
fe v e r , and th e  acu te  phase response [292].
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IL-2 production
IL -2 i s  a p o ly p e p tid e  o f MW 15 kd produced by a v a r ie ty  o f c e l l  
ty p es  in c lu d in g  T g ^ ,  NK c e l l s  and CD8+ T - c e l ls .
In  v i t r o  IL -2  p ro d u c tio n  by rheum atoid p e r ip h e ra l  blood 
lym phocytes has g e n e ra l ly  been found to  be d e f ic ie n t  
[2 3 9 -2 4 1 ,273 ,289 ,293 ,294], however normal [295,296] o r h ig h er than 
normal le v e ls  [273] have o c c a s io n a lly  been re p o r te d . These 
d is c re p a n c ie s  may be p a r t l y  due to  m ethodo log ical d if f e r e n c e s ,  b u t 
could  a ls o  r e f l e c t  th e  broad c l i n i c a l  and p a th o lo g ic a l  spectrum  o f RA, 
th e  p r a c t i c a l  d i f f i c u l t i e s  a s so c ia te d  w ith  th e  use o f ARA c r i t e r i a  in  
th e  c l i n i c a l  s e t t i n g  to  d iagnose  RA and f i n a l l y  th e  d i f f i c u l t y  in  
d e f in in g  s e v e r i ty  o f th e  d is e a s e . Raised IL -2 p ro d u c tio n  in  RA could 
be an in  v i t r o  a r t i f a c t  when i r r a d ia te d  MNC a re  used s in c e  t h i s
p ro cess  in h ib i t s  CD8+ and non-T c e l l s  th a t  re g u la te  IL -2 p ro d u c tio n  
[273]. D efec tiv e  IL -2  p ro d u c tio n  could be th e  r e s u l t  o f poor IL-1
p ro d u c tio n  from monocytes (u n lik e ly  in  RA s in c e  t h i s  i s  h ig h ) , reduced
IL -2 t r a n s c r ip t io n  due to  an invad ing  v i ru s ,  in h a b i l i ty  o f T c e l l s  to  
respond to  m itogen o r IL -1 , in h ib i t io n  o f IL -2 re c e p to r  ex p ress io n  o r 
b in d in g  o r  s ig n a l  tra n sd u c tio n  needed fo r  u p -re g u la tio n  o f IL -2 
p ro d u c tio n , in c a p a c ity  to  make or s e c re te  IL -2 , o r in c reased
s e n s i t i v i t y  of CD8+ T -su p p resso r c e l l s  th a t  re g u la te  IL -2 p ro d u c tio n  
to  s t im u la to ry  s ig n a l s  -  e .g .  PGE2 [262d] -  p a r t i c u la r ly  in  view of 
th e  a lre a d y  reduced Tg^j numbers ( th e  main p roducers  o f IL -2 ) , and in  
some peop le  i t  could  be due to  excess in h ib i t io n  o f IL -2 p roducing  
c e l l s  by more numerous an d /o r more p o te n t spontaneous r a d io s e n s i t iv e ,
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PG&2 E d u ced , non-T and CD8+ su p p resso r c e l l s  [273].
S tu d ie s  in v e s t ig a t in g  w hether th e re  i s  a r e la t io n s h ip  between 
IL -2  p ro d u c tio n  and d is e a s e  a c t i v i t y  have produced c o n f l ic t in g  
r e s u l t s .  One s tu d y  showed IL -2  p ro d u c tio n  c o r re la te d  in v e rs e ly  w ith  
d is e a s e  a c t i v i t y  [273], whereas an o th er suggested  IL-2 le v e ls  
c o r re la te d  p o s i t iv e ly  w ith  d is e a s e  a c t i v i t y  [296]. However th e se  
s tu d ie s  were perform ed w ith  sm all p a t ie n t  groups which were 
c l i n i c a l l y  and th e ra p e u t ic a l ly  d iv e r s e . In  a  th i r d  re p o r t  u s in g  la rg e  
p a t ie n t  groups which were c l i n i c a l l y  and th e r a p e u t ic a l ly  homogeneous, 
IL -2 p roduction  was in c re a s in g ly  d e fe c t iv e  from in a c t iv e , to  a c t iv e ,  • 
to  a c t iv e  w ith  EAD d is e a s e  [294]. D e fec tiv e  IL -2 p ro d u c tio n  could 
account fo r  th e  in  v i t r o  h y p o re a c tiv i ty  o f T - c e l ls ,  s in c e  IL -2 
c o r r e c ts  dep ressed  AMLR re a c tio n s  [297] and could  account fo r  th e  
d e fe c t iv e  Tg a c t i v i t y  in  th e  rheum atoid j o i n t s ,  where d e f ic ie n t  IL -2  
p ro d u c tio n  from sy n o v ia l lymphocytes has been observed [241].
Most re p o r ts  view autoimmune d is e a s e  as  be ing  r e la te d  to  
d e fe c t iv e  IL-2 p ro d u c tio n ; however, e q u a lly , a  re c e n t paper suggested  
th a t  one could in te r p r e t  th e  fo llo w in g  f in d in g s : 1) reduced a c t i v i t y  
o f a 60-70 kd IL-2 in h ib i to r  in  s e r a  o f 50% o f RA p a t ie n t s ,  2) th e  
a b i l i t y  of cy c lo sp o rin  A and s te r o id s  to  s t im u la te  IL-2 p ro d u c tio n  in
i
vivo  b u t in h ib i t  i t  in  v i t r o  and 3) d e fe c t iv e  IL -2 p ro d uction  -  as in 
f a c t  r e f le c t in g  IL -2 h y p e rse c re tio n , such th a t  d e fe c t iv e  IL-2 
p ro d u c tio n  in  v i t r o  could sim ply  imply: 1) in  v ivo  a c t iv a t io n
p re v e n tin g  th e  c e l l s  from responding  f u r th e r ,  2) e le v a te d .b in d in g  and 
in te r n a l i s a t i o n  by CD25+ c e l l s  and 3) excess Tg a c t i v i t y  [298].
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r-IFN production
IFNs have a n t i - v i r a l  p ro p e r t ie s  and can in h ib i t  c e l l  d iv is io n  and 
re g u la te  immune resp o n ses  by s t im u la t in g  NK a c t i v i t y  and 
in h ib i t in g  o th e r  c e l l  m ediated immune re sp o n ses. They a lso  
s tim u la te  p h ag o cy to sis  and cause u p -re g u la tio n  o f HLA-DR 
e x p re ss io n .
y-IFN (ty p e  I I )  i s  a p o ly p ep tid e  o f m olecu lar w eight 20-25 kd 
produced by a c t iv a te d  T^-j., ^ g /I  ^  c e l l s .
D efec tiv e  r-IF N  p roduction  has been observed from RA 
p e r ip h e ra l  blood and SF T-lym phocytes [241 ,299]. T h is could be due to  
th e  d e fe c tiv e  IL-2 p ro d u c tio n , b u t i s  u n lik e ly  to  be due to  th e  
in h ib i to ry  e f f e c t s  o f monocyte gen era ted  PG 's s in c e  removal o f 
adheren t c e l l s  does n o t improve i t s  p ro d u c tio n  [241]. D efec tiv e  r-IFN  
p roduction  could a lso  r e s u l t  in  B -c e ll  h y p e ra c tiv i ty  w ith  th e  
r e s u l ta n t  immunological in ju ry  seen in  th e  rheum atoid j o i n t s .
On th e  o th e r  hand, r-IF N  has been noted  in RA SF, and s tim u la te d  
SF T - c e l ls  were s a id  to  produce normal amounts o f r-IF N  [2 9 9 b ].
Ag s p e c i f i c  T .^ and  T^ f a c t o r s
Such f a c to r s  have been d e sc rib ed  in  man, b u t d e f in i t iv e  m olecu lar 
c h a ra c te r iz a t io n  must occur b e fo re  th e se  f a c to r s  can be ass ig n ed  a 
ro le  in  im m unoregulation and only  then w il l  i t  p o s s ib le  to  look fo r  
excess T„ and reduced Tc f a c to r s  th a t  could th e o r e t ic a l ly  occur in  RA.
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Thus i t  seems th a t  wherever you look fo r  an im m unoregulatory 
d e fe c t  in  RA, you f in d  one -  which i s  perhaps n o t s u rp r is in g  in  view 
o f th e  complex in te r r e la t io n s h ip s  between a l l  these- re g u la to ry  
pathw ays.
IN VITRO FUNCTIONAL MODELS FOR SUPPRESSOR CELL ACTIVITY
With th e  in tro d u c tio n  o f an tig en  to  th e  immune system , e f f e c to r  
mechanisms and p o s i t iv e  (h e lp e r )  and n e g a tiv e  (su p p re sso r)  feedback
c o n tro l  mechanisms a re  a c t iv a te d  to  p re c is e ly  re g u la te  th e  immmune
response ,and  to g e th e r  d ecide  th e  n a tu re  and in te n s i ty  o f th e  response . 
The m agnitude o f th e  response  depends on s e v e ra l  f a c to r s ,  e .g .  degree 
and mode o f an tig en  s tim u la tio n  and in h e re n t p ro p o r tio n  o f 
immunocompetent lym phocytes. T h is i s  n o t a unique occurrence  s in c e  a l l  
complex b io lo g ic a l  p ro c e sse s  a re  c o n tro lle d  by im p ress iv e ly  p re c is e  
mechanisms, e .g .  hormonal s y n th e s is ,  C* a c t iv a t io n ,  e t c . ,  b u t i t  can 
be seen th a t  i t  i s  p a r t i c u la r ly  im portan t when d e a lin g  w ith  system s
such as  th e  immune system  w ith  i t s  c a p a c ity  fo r  producing  p o te n t
inflam m ation and because i t  must fa ce  a  m u ltitu d e  o f s t im u la tio n s  
throughout th e  o rg an ism 's  l i f e .
N a tu re 's  c o n tro l mechanisms u t i l i z e  her “ tu g -o f-w ar” approach, 
w ith  opposing fo rc e s  o fte n  s im u ltan eo u sly  o p e r a t in g ^  producing  a n e t 
immunological e f f e c t ,  such th a t  fo r  “ every  immunological e f f e c to r  
a c tio n  th e re  i s  an alm ost equal b u t o p p o site  re g u la to ry  re sp o n se” .
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Such a  system  o f f e r s  a  mechanism fo r  very  s e n s i t iv e  re g u la t io n . Thus 
i t  appears th a t  any immune response g e n e ra te s  an a n tire sp o n se  and th u s  
any immunocompetent c e l l  i s  c o n tro lle d  by o th e r  c e l l s  w ith  
a n ta g o n is t ic  a c tio n  and each may have i t s  own s p e c if ic  ro u te  o f 
su p p re ss io n , th e  u lt im a te  aim o f th e  immune system  be ing  to  allow  
e f f i c i e n t  response a g a in s t  fo re ig n  d e te rm in an ts  b u t to  p rev en t any 
in a p p ro p p ria te  resp o n ses  to  s e l f  a n tig e n s . Many d i f f e r e n t  and complex 
im m unoregulatory system s have been d e sc rib e d  fo r  th e  human immune 
response  w ith  numerous su p p resso r in f lu e n c e s  in  e x is te n c e , each 
d ire c te d  a t  i t s  own s p e c if ic  ta r g e t  c e l l .  Thus immunosuppression can 
be regarded  as  a  p h y s io lo g ic a l hom eostatic  mechanism to  m ain ta in  th e  
immune system  w ith  an immune response  re p re se n tin g  a breakdown in  
hom eostasis . The re a d i ly  proposed th e o r e t ic a l  mechanisms by which 
d e fe c ts  in  immunoregulatory c e l l s  might produce d is e a s e  have now been 
e s ta b lis h e d  a s  im portan t in  numerous c l i n i c a l  s tu d ie s ;  thus 
im m unoregulatory a c tio n  can be in a p p ro p r ia te ly  ex cessiv e  o r r e s t r a in e d  
and e f f e c to r  c e l l s  may be bo th  u n u su a lly  s e n s i t iv e  o r in s e n s i t iv e  to  
c o n tro l mechanisms. Thus autoimmune d is e a s e s  have been found to  be 
a s s o c ia te d  w ith  decreased  su p p resso r c e l l  a c t i v i t y  and B -c e ll 
h y p e ra c tiv i ty ,  and co n v erse ly  ex cessiv e  su p p re sso r c e l l  a c t i v i t y  and 
B- and T- c e l l  h y p o a c tiv ity  i s  found in  d is e a s e s  a s so c ia te d  w ith  
immunodeficiency, such as common v a r ia b le  im munodeficiency d is e a s e , 
d issem in a ted  fungal in fe c t io n s ,  Hodgkins d is e a s e  and s a rc o id o s is .
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The concept o f im m unoregulatory system s d i r e c t l y  dependent on 
c e l l s  has emerged in  th e  l a s t  tw enty y e a rs . T h is  was based on e a r ly  
experim ents by G ershon-[300-302], th e  founder of suppresso logy , in 
which mice were made u n responsive  by in je c t io n  o f high doses o f sheep 
red  blood c e l l s  and t h e i r  T c e l l s  were then  capab le  o f su p p re ss in g  Ab 
sy n th e s is  when t r a n s fe r r e d  to  normal r e c ip ie n t s .  I t  was th e  e x is te n c e  
o f inbred  s t r a in s  o f mice th a t  p e rm itted  th e  use o f th e se  adop tive  
t r a n s f e r  experim ents and s im p lif ie d  ex perim en ta l p ro to c o ls  designed  to  
in v e s t ig a te  th e  r o le  o f su p p resso r and h e lp e r c e l l s  in 
im m unoregulation [303 ,304 ]. With such tech n iq u es  su p p resso r c e l l s  have 
been found to  be im p o rtan t in  th e  developm ent and m aintenance of 
immunological to le ra n c e  [305], a l lo ty p e  su p p ress io n  [306], a n tig e n ic  
com petition  [302] and in  some case s  H-2 linked  A g -sp ec if ic  
un responsiveness [307], g r a f t  v e rsu s  h o s t d is e a s e  [308] and delayed  
h y p e r s e n s is i t iv i ty  [309 ]. The c u rre n t view i s  th a t  su p p resso r " c e l l  
re g u la tio n  o f th e  immune response  in v o lves an i n t r i c a t e  netw ork o f 
d i f f e r e n t  system s r a th e r  than  one s in g le  system  [310].
E s s e n t ia l ly  every  m ajor c e l l  type th a t  i s  re sp o n s ib le  fo r  an 
immune response may a ls o  be capab le  o f e x e r tin g  re g u la to ry  fu n c tio n s . 
There i s  good evidence th a t  under c e r ta in  c o n d itio n s  B c e l l s  [311 ], 
n u l l  c e l l s  and n a tu r a l  su p p resso r c e l l s  [312] and adheren t c e l l s  o f 
bo th  th e  polym orphonuclear [313] and more e s p e c ia l ly  th e  
monocyte/macrophage s e r i e s  [314,315] can show an immunosuppressive 
fu n c tio n  fo r  d i f f e r e n t  immune re a c t io n s ,  b u t th e  m ajor su p p resso r c e l l
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type i s  th e  T c e l l .  A pparently  d i s t i n c t iv e  Tg c e l l s  have been 
id e n t i f ie d  in  man, a lthough  th e re  i s  p robab ly  some o v erlap  id e n t i f ie d  
in s in g le  fu n c tio n  s tu d ie s .  T su p p resso r c e l l s  th a t  have been 
id e n t i f ie d  in c lu d e  1) spon taneously  a c tiv e  Tg c e l l s  [316,316b], 2)
s h o r t- l iv e d  Tg c e l l s  [317-319], 3) spon taneously  induced Tg c e l l s
[320], 4 ) p ro s ta g la n d in  producing  Tg c e l l s  [6 1 ,3 2 1 ], 5) an tig en
s p e c if ic  HLA r e s t r i c t e d  Tg c e l l s  [322], 6) Tg c e l l s  th a t  reco g n ize  Ig  
d e te rm in an ts , e .g .  iso ty p e  s p e c i f ic  Tg, a l lo ty p e  s p e c i f ic  and id io ty p e  
s p e c i f ic  Tg c e l l s  [323], 7) a l lo a n tig e n  s p e c i f ic  [324] and 8)
c o n tra su p p resso r Tg c e l l s  [323] w ith in  th e  0KT4 and 0KT8 p o p u la tio n , 
9) memory Tg c e l l s  and 10) an tig en  non s p e c i f ic  in d u c ib le  Tg c e l l s  
[317].
A nalysis  o f im m unoregulatory mechanisms in  man has been d i f f i c u l t  
to  accom plish s in c e  many o f th e  experim en tal approaches used in  mice 
cannot be employed in  man. Numerous in  v i t r o  models have now been 
designed  to  in v e s t ig a te  su p p resso r c e l l  a c t i v i t y  in  man w ith  
v a r ia t io n s  in  methodology b u t a l l  based on a few b a s ic  p r in c ip le s .  
Given th e  la rg e  number of a ssay s  now a v a ila b le  i t  would be im possib le  
to  d e sc r ib e  each o f them. Thus r e p re s e n ta t iv e  system s w i l l  be 




“Based on adding p u ta t iv e  spontaneous su p p reso r c e l l s  in  
f r a c t io n a te d  o r u n fra c tio n a te d  mononuclear c e l l  p re p a ra t io n s  to  a 
system  capab le  o f a p o s i t iv e  immune re sp o n se , and exam ining w hether 
th e  f i n a l  response  i s  a f fe c te d  by th e  p resen ce  o f th e  c e l l s  under 
test** [316,316b].
T his approach i s  u s u a lly  used where ex ce ss iv e  su p p resso r a c t i v i t y  
i s  expected . The most f re q u e n tly  used in d ic a to r  system s a re  B c e l l  
system s such as  in h ib i t io n  o f mitogen or a n tig e n  s tim u la te d  a llo g e n e ic  
B c e l l  b la s to g e n e s is , IgG sy n th e s is  o r s e c re tio n ; o r mitogen o r an tig en  
s tim u la te d  au to logous B c e l l  re sp o n ses. Spontaneous su p p resso r c e l l s  
have been id e n t i f ie d  in  T and non-T p o p u la tio n s  and ad h eren t c e l l s  and 
seem r a d io - s e n s i t iv e ,  s te r o id  r e s i s t a n t  and Fey re c e p to r  p o s i t iv e .
An example o f t h i s  model i s  th e  f in d in g  th a t  PBMNC or is o la te d  T 
c e l l s  from some p a t ie n ts  w ith  common v a r ia b le  hypogammaglobulinaemia 
in h ib ite d  normal B c e l l  m a tu ra tio n  and Ig  sy n th e s is  to  a  g re a te r  
e x te n t than c e l l s  from h e a lth y  c o n tro ls  [325].
The d isad v an tag e  of th i s  model i s  th a t  r e s u l t s  a re  very  v a r ia b le  
from in d iv id u a l to  in d iv id u a l, so i t s  use in  c l i n i c a l  s i tu a t io n s  i s  
d i f f i c u l t ,  a lthough  i t  i s  p re se n t in  some p e r f e c t ly  h e a lth y  humans 
[316b,325b,325c] and may r e f l e c t  bo th  a n tig e n  s p e c i f ic  and n o n -an tig en  
s p e c i f ic  su p p resso r c e l l s .
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M odel B
“Based on removing a p a r t i c u la r  c e l l  from a system  capab le  of 
p o s i t iv e  immune response  and observ ing  w hether t h i s  r e s u l t s  in  an 
enhancement o f th e  immune re sp o n se” . Such c e l l s  appear to  be 
spontaneous, b u t u n lik e  model A t h i s  approach can be used in  c l i n i c a l  
s i tu a t io n s  where e i th e r  excess o r d e f ic ie n t  su p p resso r a c t i v i t y  i s  
l ik e ly .
I
An example o f t h i s  model i s  th e  s h o r t - l iv e d  su p p resso r c e l l  a ssay  
d e sc rib e d  by B resnihan in  man [317-319]. In  t h i s  assay  s h o r t - l iv e d
su p p re sso r c e l l s  sure e lim in a ted  o r in a c t iv a te d  in  a p re lim in a ry
c u l tu r e  s te p  (u s u a lly  24 hours) and th e  e f f e c t  o f t h i s  m an ipu la tion
on subsequent p r o l i f e r a t io n  in  response to  m itogens i s  in v e s t ig a te d ;  
u s u a lly  subm itogenic. doses a re  used s in c e  s tro n g  m itogen ic  s tim u la tio n  
r e s u l t s  in  lo s s  o f t h i s  su p p resso r e f f e c t .  The p re c is e  n a tu re  o f such 
c e l l s  i s  n o t known and in  f a c t  no su p p resso r c e l l  subpopu lation  has
been is o la te d  and dem onstrated to  be s h o r t - l iv e d  [326]. However th e re  
i s  ample evidence fo r  th e  e x is te n c e  o f such c e l l s ,  e .g .  in  murine 
system s su p p resso r c e l l s  a re  s h o r t - l iv e d  in  c u l tu re  [327] and in  
s tu d ie s  o f fungal in fe c t io n s  in  man th e re  a re  abnorm ally h igh  numbers 
o f su p p resso r c e l l s  th a t  appear to  be s h o r t - l iv e d  in  c u l tu re  [328]. 
The a c t i v i t y  f a l l s  w ith  age [329]. C e ll v i a b i l i t y  s tu d ie s  have shown 
no s ig n i f ic a n t  d if f e r e n c e s  in  c e l l  s u rv iv a l  in  c u l tu re s  w ith  o r 
w ith o u t p re in c u b a tio n , bu t presum ably th e  number o f s h o r t - l iv e d
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su p p resso r c e l l s  i s  on ly  a t in y  p ro p o rtio n  of t o t a l  MNC, o th erw ise  no 
immune response would ever be p o s s ib le . The phenomenon does n o t seem 
to  be due to  so lu b le .su p p re s so r  f a c to r s  o r ag g reg a tio n  o f c e l l s ,  bu t 
an a c tu a l  su p p resso r c e l l  e f f e c t ,  s in c e  su p p ress io n  i s  s t i l l  observed 
a f t e r  re su sp en sio n  o f c e l l s  in  f r e s h  medium a f t e r  th e  p re in cu b a tio n  
s te p  [319]. S hort l iv e d  su p p resso r a c t i v i t y  i s  though t to  g iv e  an
i
in d ir e c t  e s tim a te  o f spontaneous su p p resso r a c t i v i t y .
T his a c t i v i t y  does n o t appear to  be an a r t i f a c t  and i s  a sim ple
and convenien t assay  to  use and i s  th e re fo re  w idely  used in  autoimmune
co n d itio n s  where d e fe c tiv e  su p p resso r a c t i v i t y  i s  expected and immune 
d e f ic ie n c y  c o n d itio n s  where ex cessiv e  su p p resso r a c t i v i t y  i s  expected . 
V arious w orkers have ru le d  ou t th e  p o s s ib i l i t y  th a t  reduced su p p resso r 
in d ic e s  observed in  autoimmune d is e a s e , u s in g  t h i s  a ssay , a re  an 
a r t i f a c t  r e s u l t in g  from reduced m itogen resp o n ses  and have shown th a t  
i t  i s  a  genuine e f f e c t  n o t a t t r ib u ta b le  to  low mitogen resp o n ses  per 
se . A d issappo in tm en t w ith  t h i s  a ssay  i s  th a t  i t  i s  n o t
a n t ig e n -s p e c if ic  and c e r ta in ly  does n o t r e f l e c t  th e  com plete 
re g u la to ry  p o te n t ia l  o f th e  PBMNC under s tu d y .
M odel C
a ) “ Based on adding m itogen-induced an tig en  n o n sp e c if ic  MHC 
u n r e s t r ic te d  p u ta t iv e  su p p resso r c e l l s  to  a second in d ic a to r  c u ltu re  
system  capab le  of a p o s i t iv e  prim ary ( e .g .  PFC to  sheep red blood 
c e l l s ) ,  o r secondary immune response and comparing th e  outcome to  th e
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e f f e c t  o f adding  c e l l s  n o t exposed to  th e  m itogen in a  second 
c u l tu r e ” .
T h is  double c u l tu re  method i s  u s u a lly  adopted in  case s  where 
d e fe c t iv e  su p p re sso r a c t i v i t y  i s  expected . Of th e  v a rio u s  m itogens 
th a t  can be used fo r  in d u c tio n  o f su p p resso r a c t i v i t y ,  CON-A appears 
to  be th e  b e s t  [317]; o th e rs  in c lu d e  PHA [330] and PWM [331]. The 
d i f f e r e n t  m itogens appear to  a c t iv a te  d i f f e r e n t  p o p u la tio n s  o f T<, 
c e l l s  to  su p p ress  in  s im ila r  in d ic a to r  system s, e .g .  PWM s tim u la te d  
CD8+ c e l l s  t h a t  in h ib i t  T c e l l  p r o l i f e r a t i o n  a re  CD28 CD11+ [200],
b u t th o se  s tim u la te d  by CON-A to  in h ib i t  p r o l i f e r a t i o n  a re  CD11 CD28+ 
[332].
U n fo rtu n a te ly  t h i s  method m easures on ly  a n tig e n  n o n sp e c if ic  
a c t i v i t y ,  which may n o t be b io lo g ic a l ly  re le v a n t ,  and i t  i s  unknown 
w hether in d u c ib le  su p p resso r a c t i v i t y  i s  r e la te d  to  th e  spontaneous 
su p p re sso r c a p a b i l i ty  o f MNC which i s  c le a r ly  more re le v a n t  to  d is e a se  
p ro c e sse s  s in c e  measurement o f th e  l a t t e r  i s  more in d ic a t iv e  o f th e  in 
v ivo  s i tu a t io n .
An example o f t h i s  model i s  th e  CON-A induced su p p resso r a ssay . 
As w e ll a s  i t s  a b i l i t y  to  s t im u la te  T^ and T^ fu n c tio n  and to  induce T 
c e l l  p r o l i f e r a t i o n ,  CON-A can s tim u la te  a  v a r ie ty  o f su p p resso r c e l l  
p re c u rso rs  to  become a c tiv e  and d i f f e r e n t  fu n c tio n a l ty p es  o f 
su p p re sso r c e l l s .  The d i f f e r e n t  fu n c tio n s  r e f l e c t  th e  enormous 
h e te ro g e n e ity  w ith in  th e  induced su p p resso r p o p u la tio n . Depending on
86
th e  in d ic a to r  system s used one can m onitor th e  su p p resso r a c t i v i t y  of 
p a r t i c u la r  su b se ts  o f CON-A induced su p p resso r c e l l s  s in c e  a l l  
p o s s ib le  ty p es  a re  produced a t  once and th e re  i s  some evidence th a t  
even in  one assay  d i f f e r e n t  phenotyp ic  c e l l s  can a c t  to g e th e r . Such 
induced su p p resso r c e l l s  can be detected, by in h ib i t io n  of. T o r B c e l l  
b la s to g e n e s is  o r in h ib i t io n  o f B c e l l  s y n th e t ic  p ro c e sse s ; a lthough  
th e  degree o f su p p ress io n  i s  s im ila r  in  most a ssay s  (60-100%), more 
v a r i a b i l i t y  occurs u s in g  a llo g e n e ic  c e l l s  a s  a  s t im u la to r  because such 
a response depends on HLA-D in c o m p a tib il i ty  which i s  v a r ia b le  between 
each in d iv id u a l. Assays n o t in v o lv in g  a llo g e n e ic  c e l l s  a re  th e re fo re  
p re fe ra b le  because they  a re  e a s ie r  to  perform  and in te r p r e t .
I t  i s  now agreed th a t  th e  major lymphoid su b se ts  a c t iv a te d  by
CON-A a re  a heterogeneous p o p u la tio n  o f c e l l s  in c lu d in g  th o se  th a t
1) a re  HLA-D r e s t r i c t e d  in  t h e i r  MLR su p p ress io n ; 2) in h ib i t  MLR; 3) 
b lock  a l l  MLR p r o l i f e r a t io n ;  4 ) b lock  T c e l l  re sp o n ses  to  a n tig e n s  
( e .g .  PPD and Candida A lb ican s); 5) b lock  T c e l l  resp o n ses  to
m itogens; 6) in h ib i t  mitogen induced c y to to x ic i ty ;  7) b lock  
c y to to x ic i ty  induced in  MLR; 8) in h ib i t  macrophage in h ib i t io n  fa c to r  
a c tio n ; 9) in h ib i t  T c e l l  re sp o n ses  to  a l te r e d  s e l f ;  10) b lock  B c e l l  
p r o l i f e r a t i v e  resp o n ses  to  a n tig e n s ; 11) b lo ck  B c e l l  p r o l i f e r a t i v e
responses to  a n tig e n s ; 12) b lock  B c e l l  s y n th e t ic  responses to
a n tig e n s ; 13) b lock  B c e l l  p r o l i f e r a t i v e  resp o n ses  to  m itogens; 14) 
b lock  B -c e ll  s y n th e t ic  resp o n ses  to  m itogens, review ed by Dwyer [333]. 
Wherever non-T c e l l s  have been s a id  to  be induced by CON-A, t h i s  may
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m erely be because a l l  o th e r  su p p resso r c e l l s  in non-T p o p u la tio n s  
c o e x is t  w ith  th e  p u ta t iv e  p re c u rso r  su p p resso r c e l l s  th a t  can be 
a c t iv a te d  by CON-A.
CON-A s tim u la te s  a l l  a v a ila b le  su p p resso r c e l l s  ( r e f l e c t in g  
la te n t  immunological c o n tro l ) ,  so r e s u l t s  from t h i s  a ssay  g e n e ra lly  
show le s s  s c a t te r in g  and a re  more e a s i ly  a p p lic a b le  to  c l i n i c a l  
s i tu a t io n s  than  th e  p rev io u s  models. In  normal in d iv id u a ls  the  
response o f f r e s h  c e l l s  c o -c u ltu re d  w ith  CON-A tre a te d  c e l l s  i s  
c o n s is te n t ly  decreased  compared to  responses w ith  u n tre a te d  c e l l s  and 
t h i s  in h ib i t io n  i s  in te rp re te d  as CON-A g en era ted  su p p resso r a c t i v i t y  
(see  d isc u ss io n  fo r  more d e t a i l s ) .
b) “ Based on adding a l lo a n tig e n  induced p u ta t iv e  su p p resso r c e l l s  
to  a  second in d ic a to r  c u l tu re  system  capab le  o f a  p rim ary  o r secondary 
immune response , such c e l l s  a re  produced in  a llo g e n e ic  mixed 
lymphocyte re a c t io n s  in  MLC” [324 ,334].
S ince such su p p ress io n  i s  HLA-D r e s t r i c t e d ,  i t  can be d i f f i c u l t  
to  in te r p r e t  and a  lack  o f su p p resso r a c t i v i t y  may sim ply be due to  
in s u f f ic ie n t  d if f e r e n c e s  in  HLA a n tig e n s  between th e  two donors. The 
a c t i v i t y  i s  a llo a n tig e n  s p e c i f ic ,  i s  in s e n s i t iv e  to  r a d ia t io n  and 
mitomycin C trea tm en t and could  be an in  v i t r o  a r t i f a c t  s in c e  IL-2 
in h ib i t s  i t s  a c tio n . Such c e l l s  a re  induced by a T c e l l  d i f f e r e n ta io n  
f a c to r  which i s  an tig en  n o n sp e c if ic  and MHC u n r e s t r ic te d  and fu n c tio n s  
v ia  t r a n s ie n t ly  expressed  re c e p to r s . MLR c e l l s  fu n c tio n  v ia  T
I
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sup p resso r f a c to r  p ro d u c tio n . I t  has been suggested  th a t  CON-A or 
a l lo a n tig e n s  could induce su p p resso r a c t i v i t y  by a c t iv a t in g  la te n t  
i n t r a c e l lu l a r  v iru s e s  w ith  concom itant immunosuppressive e f f e c t s .  I f  
so , such a v i r u s ( e s )  must be w idely  d i s t r ib u te d  in  th e  blood of 
h e a lth y  s u b je c ts  [317,317b].
c )  “ Based on adding an tig en -in d u ced  p u ta t iv e  su p p resso r c e l l s  to  
a second c u l tu re  system  capab le  o f an immune resp o n se , e .g  Ig
sy n th e s is  o r lymphocyte p ro li fe ra tio n * * . A ntigens t h a t  have been used 
inc lu d e  p u r i f ie d  p ro te in  d e r iv a t iv e  o f tu b e rc u lin  (PPD) [335],
s tap h y lo co cca l e n te ro to x in  (SEB) [336], m y co b ac te ria l an tig en  [337], 
te ta n u s  toxo id  (TT) and ovalbumin.
The d isad v an tag es  o f t h i s  an tig en  s p e c i f ic  system  compared to  th e  
CON-A assay  i s  th a t  responses a re  more v a r ia b le  and a  longer c u ltu re
p e rio d  i s  re q u ire d . The advantage i s  th a t  i t  i s  o f course  an tig en
s p e c if ic  and p h y s io lo g ic a lly  more re le v a n t .  Use o f t h i s  a ssay  w ith  
system s o f f e r in g  a p o s s ib i l i t y  of s tu d y in g  a p rim ary  immune response  
a llow  th e  s tu d y  of e a r ly  s ta g e s  o f B c e l l  a c t iv a t io n  in  which T c e l l  
re g u la tio n  i s  p a r t i c u la r ly  e s s e n t ia l .  Once a c t iv a te d  and ex p re ss in g  
f a c to r s  o f m atu ra tion  and d i f f e r e n t i a t i o n ,  B c e l l s  may be le s s  s u b je c t 
to  an tig en  s p e c i f ic  Tg c o n tro l ,  b u t more under th e  re g u la tio n  o f t h e i r  
so lu b le  f a c to r s .
d ) “ Based on assay in g  fo r  an tig en  s p e c i f ic  TQ c e l l s  p re s e n t in 
immunised or primed subjects** [250 ,251 ,338]. Systems o f f e r in g  the  
p o s s ib i l i t y  o f s tu d y in g  a  secondary immune response  (u s in g  primed
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c e l l s )  a re  more com plicated  to  in te r p r e t  due to  th e  p ro d u c tio n  of th e  
more complex a rra y  of re g u la to ry  T c e l l  su b se ts  and p o s s ib ly  even CSC 
c e l l s  too .
M odel D
a) “Based on a ssay in g  fo r  su p p resso r c e l l s  th a t  evolve a f t e r  
v a r ia b le  p e r io d s  o f tim e in  FCS s tim u la te d  c u l tu re  in  th e  absence of 
m itogen. These a re  c a l le d  c u l tu re  induced o r spon taneously  induced Tg 
c e l l s ” .
An example o f t h i s  model i s  tha£  PMNC p re in cu b a ted  fo r  two days 
[339] o r seven days [320] caused in h ib i t io n  o f Ig  s y n th e s is  from 
au to logous lymphocytes s tim u la te d  w ith  PWM, b u t n o t a llo g e n e ic  c e l l s .  
The c u l tu re  induced su p p resso r c e l l s  appear to  be a  p r o l i f e r a t i n g  T 
c e l l  p o p u la tio n  induced by a spontaneous au to logous mononuclear 
lymphocyte re a c tio n  (AMLR) n ecessa ry  fo r  m a in ta in in g  s e l f  to le ra n c e .
The d isad v an tag e  o f t h i s  a ssay  i s  th a t  i t  i s  n o t v e ry  
rep ro d u c ib le  in d iv id u a l to  in d iv id u a l ,  so i t  i s  n o t very  a p p lic a b le  to  
c l i n i c a l  s i tu a t io n s .
i
b ) “ Based on a ssay in g  fo r  su p p resso r c e l l s  produced in  a tru e  
AMLR where p r o l i f e r a t i n g  T lymphocytes a re  added to  a ra d ia te d  
au to logous non-T lym phocytes, by a ssay in g  th e i r  e f f e c t s  on 
p r o l i f e r a t i v e  o r s y n th e t ic  resp o n ses  o f au to logous o r a l lo g e n e ic  
c e l l s ” .
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I n te r e s t in g ly  CON-A induced su p p resso r c e l l s  fo r  su p p ress io n  o f 
PFC [340a] and T c e l l  p r o l i f e r a t io n  [340b] appear to  be drawn from th e  
same p o p u la tio n  o f T c e l l s  a c tiv a te d  in  th e  AMLR. The AMLR produced Tg 
c e l l s  appear to  be CD8+ DR and re q u ire  HLA-DR+ non-T c e l l s  fo r  t h e i r  
g e n e ra tio n  and show HLA-DR r e s t r i c t e d  a c t iv a t io n  b u t n o t action ., and 
th ey  a re  mitomycin C and ra d ia t io n  s e n s i t iv e .  The ta r g e t  c e l l  i s  a  B 
lymphocyte and such Tg c e l l s  supp ress by c e l l  c o n ta c t in  a  c y to s t a t i c  
mechanism and n o t by so lu b le  f a c to r s .  The CD8 an tig en  i s  n o t involved  
in  t h e i r  a c tio n  and th ey  can in h ib i t  an tig e n  o r mitogen s tim u la te d  
p r o l i f e r a t i o n  o r PWM s tim u la te d  Ig  s y n th e s is . S ince IL -2 s t im u la te s  
t h e i r  a c tio n , t h i s  a c t i v i t y  appears no t to  be an in  v i t r o  a r t i f a c t  due 
to  IL -2 consum ption.
F in a l ly  su p p resso r c e l l s  can be induced by c u l tu r in g  PBMNC w ith  
su p p resso r T c lo n es  o r w ith  r - IL -2  [341] o r fo llo w in g  drug  tre a tm e n t, 
e .g .  spirogerm anium  [342], o r even by m itogen n o t re q u ir in g  a 
p re in c u b a tio n  p e rio d  [343], bu t th e  l a t t e r  i s  d i f f i c u l t  to  in t e r p r e t .  
Suppressor fu n c tio n  can a lso  sometimes be shown in  PWM-stimulated Ig  
c u l tu re s  a t  h igh  T/B r a t i o s  [344].
A fte r any o f th e se  a ssay s  i t  i s  u su a l to  t r y  to  id e n t i f y  th e  c e l l  
p o p u la tio n (s )  o r su b p o p u la tio n (s )  being  m onitored. D e tec tin g  th e  
su p p resso r c e l l  p o p u la tio n  in  mitogen s tim u la te d  a ssay s  has proved 
d i f f i c u l t  s in c e  heterogenous p o p u la tio n s  p robab ly  a c t  s im u ltan eo u sly  
in  any one in d ic a to r  system , which p robab ly  accoun ts  fo r  th e
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d is c re p a n c ie s  noted in  th e  l i t e r a t u r e  u s in g  even th e  same in d ic a to r  
system . One can t r y  to  id e n t i f y  w hether th e  su p p resso r c e l l  i s  
a d h e ren t ( to  p l a s t i c ,  g la s s ,  sepharose  G10, nylon wool) ‘o r nonadherent 
and w hether i t  i s  a u to ro s e t t in g  o r n o t; i f  ad h eren t to  g la s s  does i t  
m ediate  i t s  e f f e c t  v ia  p ro s ta g lan d in ?  One can see  w hether i t  i s  
r a d io s e n s i t iv e ,  s te r o id  s e n s i t iv e  or p ro s ta g la n d in  s e n s i t iv e .  One can 
a ls o  see  whether i t  i s  a  T . o r non-T c e l l  and i f  a  T c e l l  what 
phenotype i t  has. One can a ttem p t to  d ec ip h e r what c e l l  and so lu b le  
f a c to r  requ irem en ts  th e  p a r t i c u la r  su p p resso r c e l l  be ing  m onitored has 
and what ta r g e t  c e l l  i t  a f f e c t s  and i t s  mode o f a c t io n , i . e .  w hether 
v ia  d i r e c t  c e l l - c e l l  c o n ta c t an d /o r s o lu b le  f a c to r s  and w hether i t  i s  
a  c y to to x ic  o r c y to s ta t i c  mechanism.
A ll th e  v a rio u s  Tg c e l l s  d e sc rib ed  a re  suggested  to  be induced 
v ia  unique su p p resso r c e l l  cascades and Tg c i r c u i t s  in v o lv in g  Tg 
in d u ce r , tra n sd u ce r and e f f e c to r  c e l l s  and Ag and non-Ag s p e c i f ic  
s o lu b le  su p p resso r f a c to r s .
D esp ite  a p le th o ra  o f p apers  on th e  s u b je c t ,  th e re  i s  s t i l l  a 
g r e a t  la ck  o f und ers tan d in g  of su p p resso r c e l l s ,  and th e  r e la t io n s h ip  
between th e  v a rio u s  Tg c i r c u i t s  i s  n o t known. I t  can be seen th a t  most 
in  v i t r o  models d e te c t  an tig en  non s p e c i f ic  HLA u n r e s t r ic te d  
su p p re sso r a c t i v i t y ,  b u t in  v ivo  su p p ress io n  i s  p robab ly  m ediated v ia  
Ag s p e c i f ic  MHC " re s tr ic te d  su p p resso r c e l l s ,  so i t  rem ains to  be seen  
i f  such  in  v i t r o  models a re  r e le v a n t ,  however on th e  assum ption th a t  
th ey  may be re le v a n t and because few Ag s p e c i f ic  a ssay s  a re  a v a i la b le ,
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th ey  co n tin u e  to  be used to  p ro v id e  in fo rm atio n  about normal and 
abnormal human physio logy .
AETIOLOGY OF RA
That a  ch ro n ic  immune re a c tio n  i s  o c cu rrin g  in  RA i s  c le a r ,  b u t 
d e s p ite  many y e rs  of in te n se  re se a rc h , th e  a e tio lo g y  o f RA rem ains 
obscure. I t  i s  p robab ly  m u l t i f a c to r i a l  and d e s p i te  su g g es tio n s  th a t  i t  
may r e s u l t  from a g e n e ra lis e d  d is tu rb e d  m ic ro c irc u la tio n  [345] o r even 
to  food in to le ra n c e  [346], th e  g e n e ra lly  accep ted  view i s  th a t  RAi
a r is e s  ou t of a  deranged re g u la tio n  o f th e  immune response to  an 
a n tig e n ic  s tim u lu s  in  a g e n e t ic a l ly  s u s c e p tib le  h o s t. T h is could tak e  
e i th e r  o f th e  fo llo w in g  two co u rses:
a ) i n a b i l i t y  o f an in d iv id u a l to  e ra d ic a te  th e  o ffen d in g  an tig en  such 
th a t  i t  p e r s i s t s ,  r e s u l t in g  in  ch ro n ic  immunity o r ,
b ) a f a i l u r e  to  r e g u la te  th e  immune response  a f t e r  a norm ally  
t r a n s ie n t  s tim u la tio n  by a n tig e n , ta k in g  th e  form of e i th e r  i )  an 
inadequate  response lead in g  to  a  s t a t e  o f “ immune d e f ic ie n c y ” , o r i i )  
in a p p ro p ria te  in te n s i ty  lead in g  to  a “ hyper-immune response” [120].
P o ss ib le  id e n t i f i c a t io n s  fo r  th e  o ffen d in g  an tig en  in c lu d e :
a ) m ic ro b ia l in fe c t io n ,  e .g .  s tr e p to c o c c i ,  d ip th e r ia  b a c i l l i ,  S. 
au reus o r a sporochaete  from a t i c k ,  o r mycoplasma.
b) V ira l in fe c t io n ,  e .g . EBV or o th e r slow a c tin g  v iru s e s . C ytoplasm ic 
in c lu s io n s  in  the  SM resem bling  the  nucleoplasm id  o f param yovirus have
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been seen in  RA, b u t th e re  i s  no evidence th a t  th e se  in c lu s io n s  were 
in  f a c t  v i r a l .
c ) A ggregated IgG.
d) Components o f sy n o v ia l c a r t i l a g e  and co llag en o u s t i s s u e s .
Looking a t  th e  p o s s i b i l i t i e s  in  more d e t a i l ,  i t  must be s a id  th a t  
a m ic ro b ia l in fe c t io n  rem ains an a t t r a c t i v e  p ro p o s it io n . However (as 
y e t  no firm  m ic ro b ia l evidence has been produced to  s u s ta in  such a 
view. C ireu m stan c ia l ev idence fav o u rin g  t h i s  idea  i s  however 
a v a i la b le ,  e .g .  c h ro n ic  a r t h r i t i s  can accompany a number o f n a tu ra l  
and ex p e rim en ta lly  induced in fe c t io n s  in  an im als, e .g .  pannus
fo rm ation  a long  w ith  o th e r  f e a tu re s  o f rheum atoid s y n o v it is  a re  seen 
in  some s tr e p to c o c c a l  in fe c t io n s  o f r a b b i t s  [120]. B a c te r ia  can a lso  
cause  some forms o f a r t h r i t i s , . e .g .  in f e c t io n s  by S. au reus [347].
S tu d ie s  to  i s o la te  b a c te r ia  frg(m rheum atoid sy n o v ia l t i s s u e  have met
/
w ith  l i t t l e  su ccess  [347], a lthough  a n tib o d ie s  to  p ro te u s  m ir a b i l i s  
have been found in  some p a t ie n t s .  Lyme d esea se , a system ic ,
inflam m atory d is o rd e r  a lso  causes some changes in  th e  synovium s im ila r  
to  th o se  seen- in  RA [348], and i s  now though t to  be tra n s m itte d  by th e  
t i c k  ixodes dam ini [349] which c a r r ie s  th e  presumed in fe c t iv e  agent 
which i s  a  s p iro c h a e ta  (B o rre lia  B u rg d o rfe ri [3 5 0 ]). In  swine th e
E ry s io s p e lo th r ix  organism  produces a r t h r i t i s  which c le a r ly  resem bles 
th e  human d is e a s e  and c l a s s i c a l l y ,  subacu te  b a c te r i a l  e n d o c a rd it is  i s  
accompanied by RF p ro d u c tio n , le v e ls  o f which f a l l  o f f  once th e
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d is e a s e  i s  re so lv ed . I t  has been suggested  th a t  th e  a n ti-Ig G  a c t i v i t y  
may a r i s e  as  r e s u l t  o f c ro s s  r e a c t iv i ty ,  w ith  b a c te r i a l  a n tig e n s  [119], 
a lth o u g h  more re c e n tly  i t  has been suggested  th a t  th e  au to an tib o d y  i s  
a n t i - id io ty p ic  fo r  v iru s  induced an ti-F C  an tib o d y  [351].
More l ik e ly  c a n d id a te s  a re  v iru s e s , and p a r t i c u la r  i n t e r e s t  hks 
been expressed  in  a ro le  fo r  in fe c tio n  by E p s te in -B a rr  v iru s  (EBV). 
T h is  i s  based on a  h igh  in c id en ce  (67%) o f a n tib o d ie s  in  RA p a t ie n ts  
d ire c te d  a g a in s t  EB V -associated n u c lea r a n tig e n s  (R A M 's) compared to  
8% in  normal s u b je c ts  [352 ,353], and even h ig h e r in c id en ces  have been 
d e te c te d  by o th e rs  [354], b u t th e  s p e c i f i c i t y  o f t h e i r  a ssay s  has been 
ch a llen g ed . RA lymphocytes can be s tim u la te d  by EBV (a  p o ly c lo n a l B 
c e l l  a c t iv a to r )  to  produce IgM RF and in  f a c t  in  g r e a te r  amounts than  
c o n tro l  lymphocytes [352], th e  RA lymphocytes tran sfo rm  more 
spon taneously  and show more ra p id  tra n sfo rm a tio n  w ith  EBV than  normal 
c e l l s ,  which may su g g est d e fe c tiv e  T su p p resso r fu n c tio n  [355]. S ince 
anti-RA M  a n tib o d ie s  occur in  o th e r  d is e a s e s  to o , th e  d a ta  i s  
in co n c lu siv e  reg a rd in g  th e  im portance o f EBV in RA. The id ea  th a t  RA 
i s  i n i t i a t e d  by some s o r t  o f p o ly c lo n a l B c e l l  a c t iv a to r  cau sin g  
d is tu rb e d  IgG p roduction  in c lu d in g  a u to a n tib o d ie s  i s  ob v io u sly  q u i t e - 
an a t t r a c t i v e  one. However th e  r a th e r  r e s t r i c t e d  n a tu re  o f th e  
immunoglobulins produced in  RA [111-113] would argue a g a in s t  such a 
s u g g e s tio n .
Although some o f th e  above re a g e n ts  ( e .g .  b a c te r i a l  w all 
p ep tid o g ly can s and mycoplasma c o n ta in in g  com plete F re u d 's  ad ju v an t)
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have been used s u c c e s fu l ly  in  g e n e ra tin g  models o f RA in  la b o ra to ry  
an im als, a ttem p ts  to  i s o la t e  th ese  organism s from sy n o v ia l t i s s u e s  in 
RA have proved u n f r u i t f u l  [356].
At p re s e n t th e re  i s  in s u f f f i c i e n t  ev idence to  c a s t  any o f th e  
above m icroorganism s in  an a e t io lo g ic a l  r o le .  However, g iven  th a t  such 
a wide v a r ie ty  of ag en ts  cah produce a r t h r i t i s ,  i t  i s  obvious th a t  
o th e r  f a c to r s  must be involved in  a llow ing  th e  f u l l  ex p ress io n  of 
rheum atoid d is e a s e .
IMMUNOGENETICS
When i t  became known th a t  mice w ith  p a r t i c u la r  a n tig e n s  were 
s u s c e p tib le  to  c e r ta in  d is e a s e s  and th a t  th e re  were ' g e n e t ic a l  l in k s  
between h is to c o m p a tib i l i ty  a n tig e n s  and immune re sp o n ses , re s e a rc h e rs  
began to  s tu d y  th e  frequency  o f HLA-antigens in  human d is e a s e s , 
p a r t i c u la r ly  th o se  o f unknown a e tio lo g y  w ith  an inflam m atory o r 
immunological component and w ith  c l i n i c a l  o r ep id em io lo g ica l evidence 
o f a g e n e tic  component.
The m ajor h is to c o m p a tib i l i ty  complex (HHC) reg io n  in  man i s  found 
on th e  s h o r t arm o f chromosome 6 and in c lu d es  th e  HLA re g io n , which i s  
a c lu s t e r  o f genes w ith  d i f f e r e n t  p ro p e r t ie s ,  c la s s  I genes 
d e term in in g  s e r o lo g ic a l ly  d e fin ed  a n tig e n s , w hile  c la s s  I I  genes 
encode a n tig e n s  im portan t in th e  g en e ra tio n  and re g u la tio n  o f immune 
responses and c la s s  I I I  genes encode complement components, genes
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th roughou t th e  c lu s t e r  being  a s so c ia te d  w ith  s u s c e p t ib i l i t y  o r 
r e s is ta n c e  to  d is e a s e s . The MHC reg ion  th u s  p la y s  a dominant ro le  in  
d e te rm in in g  th e  immunologic p o te n t ia l  and perform ance of an in d iv id u a l 
and in  s e v e ra l  d is e a s e s  an a s s o c ia tio n  has now been found between 
c e r ta in  HLA a n tig e n s . The f i r s t  d em onstra tion  o f a r e la t io n s h ip  
between g e n e tic s  and th e  rheum atic d is e a s e s  was when a s tro n g  
a s s o c ia t io n  was found between HLA-B27 and an k y losing  s p o n d y li t is  
[357].
The immune response genes encoded by HLA-DR a n tig e n s  o f th e  c la s s  
I I  MHC reg ion  c o n tro l among o th e r  th in g s  T-B c o o p e ra tio n , suppresion  
o f th e  immune response , and an tig en -in d u ced  an tib o d y  p ro d u c tio n  
le ad in g  to  th e  p ro p o sa l th a t  RA m ight r e s u l t  from an abnornal immune 
response  in  a  g e n e t ic a l ly  s u s c e p tib le  in d iv id u a l to  a p e r f e c t ly  normal 
pa thogen. However i t  has been shown th a t  th e  in c reased  in c id en ce  of 
HLA-DR4 in  RA p a t ie n ts  i s  only  observed in  s e ro p o s it iv e  d is e a s e  and 
th a t  p a t ie n ts  w ith  se ro n eg a tiv e  RA do n o t d i f f e r  from normal h ea lth y  
c o n tro ls  [358]. Thus p o ssess io n  o f the  DR4 hap lo type  i s  now though t to  
be re la te d  only  to  th e  degree o f d is e a s e  s e v e r i ty  and n o t to  an 
in d iv id u a l 's  s u s c e p t ib i l i t y  to  RA [359]. T h is id ea  i s  supported  by the  
o b se rv a tio n  th a t  95% of F e l ty 's  s u b je c ts  a re  HLA-DR4 p o s i t iv e ,  th i s  
be in g  th e  most sev e re  type of RA found.
P o ss ib le  mechanisms involved in  HLA-disease a s s o c ia t io n s  inc lude  
a ) disease s u s c e p t ib i l i t y  genes -  where th e  HLA a n tig e n s  may p lay  no 
p a r t  in  th e  d is e a se  p ro cess  bu t may a c t  m erely as m arkers fo r  d is e a se
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s u s c e p t ib i l i t y ;  b) m olecu lar mimicry -  where an in d iv id u a l may become
in fe c te d  w ith  a m icroorganism  whose su rfa c e  a n tig e n s  a re  s im ila r  to
th e  h o s t 's  HLA a n tig e n s  r e s u l t in g  in  non re c o g n itio n  o f th e  organism
a s  fo re ig n , lead in g  to  a s t a t e  of to le ra n c e  to  low grade in fe c t io n ;
a l t e r n a t iv e ly  an immune response may be mounted, b u t might c ro s s - r e a c t
w ith  s im i la r  HLA ag en ts  on th e  h o s t 's  t i s s u e s  producing  an autoimmune
1
e f f e c t ;  c )  a l te r e d  s e l f  -  in  which HLA a n tig e n s  could  be a l te r e d  by 
in fe c t io u s  a g en ts , d rugs o r o th e r  environm ental a g en ts , r e s u l t in g  in  
autoimmune re a c t io n s ;  d ) membrane re c e p to r s  -  where c e r ta in  HLA 
a n tig e n s  may a c t  in  com petition  w ith  im m unoregulation o r inflam m atory 
m ed ia to rs  o r hormones, r e s u l t in g  in  d is e a s e ; they  could a lso  se rv e  as 
re c e p to r s  fo r  a v iru s  o r an environm ental to x in ; e ) they  could sim ply 
r e flec t  genes for producing mediators, hormones and a m p l i f ie r s , e .g . 
complement components o r enzymes or f )  r e f l e c t  m arkers fo r  unknown 
g e n e s . When a s se s s in g  which h y p o th esis  b e s t  f i t s  a  p a r t i c u la r  d is e a s e , 
i t  must be a b le  to  account fo r  th o se  in d iv id u a ls  w ith  the  d is e a s e  who 
lack  th e  a s so c ia te d  a n tig e n .
I f  HLA a s s o c ia t io n s  a re  sim ply a r e f le c t io n  o f d is e a s e  
s u s c e p t ib i l i t y  o r immune response  genes being  measured by linkage  
d is e q u il ib r iu m , than  th e  HLA a n tig e n s  them selves and t h e i r  p re c is e  
d e f in i t io n ,  chem ical c h a ra c te r iz a t io n  and t i s s u e  d i s t r ib u t io n  w il l  be 
o f l i t t l e  consequence in  th e  c o n tex t of HLA a s so c ia te d  s tu d ie s .  
However, should  th ey  be d i r e c t l y  involved in  any of the  d is e a se  
p ro c e sse s , then  p re c is e  an tig en  d e f in i t io n  bo th  s e r o lo g ic a l  and
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chem ical, to g e th e r  w ith  t i s s u e  d i s t r ib u t io n  w il l  be v i t a l  fo r  a  f u l l  
und ers tan d in g  o f the  d is e a se  mechanism. I f  we ever can by g e n e tic  
m arkers t e l l  who i s  going  to  develop RA, then  of course  the  whole fape 
o f modern rheum atology would change, because p re v e n tiv e  m edicine would 
become th e  main re se a rc h  and c l i n i c a l  d r iv e .  I t  i s  encouraging  th a t  RA 
should  have an a s s o c ia ta io n  w ith  genes of th e  DR reg ion  o f HLA, s in ce  
b e in g  concerned w ith  th e  re g u la tio n  of th e  immune response i t  su p p o rts  
th e  id ea  th a t  RA i s  a  d is e a s e  o f deranged im m unoregulation.
CHEMOTHERAPY IN RA .
RA occurs  n o t as a s in g le  e n t i ty ,  b u t as  a spectrum  o f d is e a s e  
a c t i v i t y  rang ing  from in a c t iv e  o r m ild to  s e v e re ly  a c t iv e  e ro s iv e  
d is e a s e . T h is  n e c e s s i ta te s  th e  use of in d iv id u a l tre a tm e n t regim es fo r  
each  p a t ie n t  depending on th e  s ta g e  and s e v e r i ty  o f th e  i l l n e s s .  The 
chemotherapy may modify th e  d is e a se  p ro c e ss  o r c o n tro l s p e c i f ic  
m a n ife s ta tio n s  o f i t ,  b u t i t  i s  n o t c u ra t iv e , a lthough  in  some 
p a t ie n t s  th e  d is e a se  may re m it. The drugs used in  RA may be d iv id ed  
in to  th e  fo llo w in g  c a te g o r ie s :
1) A nalgesics.
2) F i r s t  l in e  d ru g s , which a re  th e  n o n -s te ro id a l  an ti-in flam m ato ry  
d ru g s  (NSAID).
3) C o r t ic o s te ro id s .
4 ) Second l in e  d ru g s , which a re  th e  a n ti- rh e u m a tic  d rugs.
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5) T h ird  l in e  d ru g s , which a re  the  c y to to x ic  d ru g s.
Agents w ith in  each group may be used s in g ly  o r , more u s u a lly , in  
com bination w ith  th o se  from o th e r  groups.
l ) A n a l g e s i c  and  2)NSAID t h e r a p y
I n i t i a l  th e rap y  may begin  sim ply w ith  a n a lg e s ic s  fo r  p a in  r e l i e f ,  
b u t may l a t e r  n e c e s s i ta te  NSAID trea tm en t ( a s p i r in  and s a l i c y la te s  
used s in c e  1899 and newer d rugs based on d e r iv a t iv e s  o f p h e n y la c e ta te , 
e .g . phenylbutazone, o r d e r iv a t iv e s  of a c e t ic  a c id , e .g .  indom ethacin 
o r d e r iv a t iv e s  o f p ro p _ io n ic  a c id , e .g .  ib u p ro fen , o r d e r iv a t iv e s  of 
ph en y la lk an o ic  a c id , e .g  naproxen) to  ach ieve  p a in  r e l i e f  (by th e i r  
a n a lg e s ic  a c t io n )  and some red u c tio n  in  th e  inflam m ation cau sin g  j o i n t  
sw e llin g  (by t h e i r  an ti-in flam m ato ry  a c tio n )  and re d u c tio n  in  fe v e r  
(by th e i r  a n t i - p y r e t ic  a c t io n ) ,  th e reb y  a llow ing  b e t t e r  j o i n t  fu n c tio n  
and improving th e  p a t ie n ts  w e ll-b e in g .
NSAID's do no t cu re  o r perm anently  re v e rse  th e  d is e a s e  p ro cess  
and so do n o t re v e rse  th e  a r th ro p a th y , b u t, because th ey  a llow  b e t t e r  
j o i n t  fu n c tio n  and a re  w e ll to le r a te d  and help  th e  c l i n i c a l  s i tu a t io n ,  
a re  w idely  used.
ant i -
The a b i l i t y  o f NSAID to  a c t  asy^ in f  lammatory ag en ts  i s  due to  
t h e i r  a b i l i t y  to  in h ib i t  p ro s ta g la n d in  s y n th e s is ,  which in  v i t r o  
occurs  by suppresion  of th e  cyclooxygenase pathway [360]. Raised PG 
le v e l s ,  e s p e c ia l ly  would o th erw ise  sy n e rg ise  w ith  o th e r
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inflam m atory m ed ia to rs , e .g . C5a and b rad y k in in , to g e th e r  w ith  acu te  
phase p ro te in s  and in c re a se  v a sc u la r  p e rm e a b ility  and enhance blood 
flow to  produce th e  f iv e  c a rd in a l s ig n s  o f inflam m ation . The use of 
such ag en ts  in  RA i s  q u e s tio n a b le  in  th e  l i g h t  o f some d a ta  showing 
th e  im portance o f PG 's in  th e  su p p ress io n  o f th e  immune response  (see  
s e c tio n  on im m unoregulation), and the  f a c t  th a t  inflam m ation i s  an 
im portan t p h y s io lo g ic a l even t involved in  th e  “ h e a lin g ” p ro c e ss , so 
NSAID trea tm en t could p o s s ib ly  worsen th e  s i tu a t io n ,  and a ls o  because 
s a l i c y la te s  may even reduce g lu ta th io n e  le v e ls  im portan t fo r
a ttem p tin g  to  m ain ta in  su rfa c e  -SH le v e ls .  Although a l l  NSAID drugs 
cause in h ib i t io n  o f cyclooxygenase in v i t r o ,  th ey  vary  g r e a t ly  in  
t h e i r  potency  [361], and t h i s  v a r ia t io n  does n o t c o r r e la te  w ith  th e i r  
r a th e r  e q u iv a le n t c l i n i c a l  e f f ic a c y , su g g es tin g  th a t  t h e i r  a c tio n  may 
be more than  sim ple  in h ib i t io n  o f p ro s ta g la n d in  s y n th e s is ,  e .g .  
a s p i r in  a t  600 mg/day cannot produce an tiin flam m ato ry  e f f e c t s  in  RA SM 
b u t t o t a l l y  a b o lish e s  cyclooxygenase a c t i v i t y ,  e .g .  s a l i c y l a t e  does 
no t g r e a t ly  a f f e c t  PG s y n th e s is ,  b u t i s  as good as  a s p ir in  in  v iv o . 
Because PG 's a re  known to  have s t r ik in g  im m unoregulatory e f f e c t s ,  e .g . 
s tim u la te  spontaneous su p p resso r a c t i v i t y  [3 6 2 a ], i n h ib i t  CON-A
induced su p p resso r a c t i v i t y  [264,362b], th e  f a c t  th a t  NSAID do no t 
have a profound e f f e c t  on th e  RA p ro cess  (d e s p ite  in h ib i t in g  
PG-dependent spontaneous su p p resso r a c t i v i t y  [362a] and s tim u la tin g
CON-A induced su p p resso r a c t i v i t y  in  vivo [362b] and in  v i t r o  
[362a,362c] , and in h ib i t in g  IgM RF s y n th e s is  in  v i t r o  [262c]) 
su g g ests  th a t  i t  i s  u n lik e ly  th a t  PG m odulation o f th e  immune response
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p la y s  a major ro le  in  th e  p a th o g en esis  o f th e  d is e a s e .
The o th e r  mechanisms o f a c tio n  of NSAID a re  thought to  c e n te r  on 
PMN fu n c tio n . Both lysosom al enzyme r e le a s e  [363] and o x id a tiv e  
m etabolism  [364] have th u s  been shown to  be sup ressed  in  v i t r o  by 
NSAIDS. C onversely , a s p i r in  has i t s e l f  been found to  induce g a s t r i c  
mucosal in ju ry , thought to  be due to  i t s  s t im u la tio n  of f r e e  r a d ic a l  
and l ip id  perox ide  g e n e ra tio n , so i t  i s  co n ce iv ab le  th a t  t h i s  may 
occur in  RA j o i n t s  to o , worsening the  s i tu a t io n .
The mechanism of a c tio n  o f th e se  d rugs in  in h ib i t in g  a sp e c ts  of
n e u tro p h il fu n c tio n  i s  n o t c le a r ,  bu t v a r io u s  su g g es tio n s  th a t  have
been p u t forward in c lu d e  a ) in h ib i t io n  o f membrane calcium  re le a s e
[365]; b) blockage o f membrane th io l  groups [366]; c)- in h ib i t io n  of
NADPH ox idase  a c t i v i t y  [366]; d ) in c re a s in g  cAMP le v e ls  [367] and e)
d i r e c t  ROS scav en g ers , e .g .  by making Cu complexes a c t
• _
c a t a ly t i c a l l y  to  e lim in a te  [368]. Evidence fo r  such an a c tio n
comes from i )  th e  is o la t io n  o f indom ethacin-Cu com plexes, i i )  t h e i r
in h ib i t io n  o f SF d eg rad a tio n  induced by ROS g en era ted  enzymes [369],
i i i )  reduced ROS p ro d u c ts  in  serum and SF in  RA-NSAID [100], iv )
♦
in h ib i t io n  o f b a c te r io c id a l  a c tio n  o f OH by NSAID, v ) p u lse
♦
r a d io ly s is  showing NSAID re a c t  r a p id ly  w ith  OH [370]. However, th e  in  
v i t r o  evidence fo r  th e se  hypotheses rem ains q u e s tio n a b le  in  view of
I
th e  f a c t  th a t  le v e ls  o f NSAID used were f r e q u e n tly  u n p h y s io lo g ic a l and 
in  f a c t  some o f th e  in h ib i t io n  could  even have been a r t i f a c t u a l ,  e .g . 
due to  in h ib i t io n  of re c e p to r - l ig a n d  b in d in g  in  the  case  of FMLP w ith
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c e r ta in  d ru g s .
90% of th e  serum NSAID's le v e ls  a re  norm ally  p ro te in -b o u n d , bu t 
f o r tu n a te ly  le s s  so in  SF, making e f f e c t iv e  le v e ls  h igher here  where 
i t  i s  most needed [371].
The main problem u sin g  NSAID's a re  th o se  o f a s p i r in
h y p e rs e n s i t iv i ty  and more im p o rtan tly  th e  to x ic  s id e  e f f e c t s  th a t
t^e
th e se  d rugs have in ^ g a s t r o - in te s t in a l  t r a c t  cau sin g  b le ed in g  due to  
red u c tio n  o f PG le v e ls  which a re  knowm to  a f fo rd  c y to p ro te c tio n  [372].
Because o f th e  enormous v a r ie ty  of NSAIDS now a v a i la b le ,  th e  
p h y s ic ian  has a g re a t  cho ice  and can keep changing th e  NSAID 
adm in is tred  u n t i l  he f in d s  one which i s  most e f f e c t iv e  w ith  l e a s t  s id e  
e f f e c t s  fo r  h is  p a t ie n t .
In  view o f th e  f a c t  th a t  no RA p a t ie n ts  could  be found on no 
trea tm en t a t  a l l  and th e  l e a s t  chemotherapy was NSAID tre a tm e n t a lo n e , 
such p a t ie n ts  served  to  re p re se n t as n ear as p o s s ib le  th e  “ RA d is e a s e ” 
in  th i s  p r o je c t .
I
3 )  C o r t i c o s t e r o i d s
In su b je c ts  whose d is e a se  a c t i v i t y  i s  n o t ad eq u a te ly  c o n tro lle d  
by NSAID tre a tm e n t, more p o te n t and lo n g e r - la s t in g  an tiin flam m ato ry  
drugs a re  employed: th e se  a re  th e  c o r t ic o s te r o id s  in  th e  form of 
h y d ro co rtiso n e  o r p red n iso lo n e , which in h ib i t  the  g e n e ra tio n  of a l l
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amino ac id  d e r iv a t iv e s  by p rev en tin g  a c t iv a t io n  of phospho lipase  -  
(PL /L,). They a re  u s u a lly  ad m in istered  by i n t r a - a r t i c u l a r  in je c t io n  
in to  th e  most inflammed j o i n t s  o fte n  w ith  s t a r t l i n g  and r e l a t i v e  
lo n g - la s t in g  e f f e c t s .
T h is in h ib i t io n  i s  thought to  occur th rough th e  g e n e ra tio n  of a 
fam ily  o f a n ti-p h o sp h o lip a se  p ro te in s ,  c a l le d  l ip o c o r t in s ,  o f 32-40 
kda, which a re  b e liev ed  to  b lock  th e  a c t iv e  s i t e  on th e  enzyme o r 
reduce th e  a v a i l a b i l i t y  o f i t s  s u b s t r a te .  The mechanism o f the  
a n ti-in flam m ato ry  e f f e c t s  o f th e  c o r t ic o s te r o id s  v ia  l ip o c o r t in s  -  
e s p e c ia l ly  l ip o c o r t in  40 kda -  in c lu d e  th e  fo llow ing : a) in h ib i t io n  of 
ROS p ro d u c tio n ; b ) in h ib i t io n  o f E A -ro se ttin g  v ia  Fc re c e p to r s ,  b u t 
n o t Fc re c e p to r  ex p re ss io n ; c ) in h ib i t io n  o f the b in d in g  o f IL -2 to  
i t s  re c e p to r  [373] and as  a consequence o f th i s  cause: in h ib i t io n  o f
IL -2 p ro d u c tio n  (s in c e  IL-2 -  re c e p to r  in te r a c t io n s  u p re g u la te  IL-2 
p ro d u c tio n ) , in h ib i t io n  o f CD25 in d u c tio n  and th e re fo re  h igh  a f f i n i t y
I
re c e p to r  p ro d u c tio n  (s in c e  IL -2 i s  knowm to  u p re g u la te  CD25 
e x p re ss io n ) , in h ib i t io n  o f CD25 ex p ress io n  due to  d i r e c t  b in d in g  to  
th e  TAC a n tig e n , and th e re fo re  in h ib i t io n  o f T c e l l  p r o l i f e r a t i o n  in 
response  to  IL -2 o r m itogens.
C o r tic o s te ro id s  a re  known to  a f f e c t  th e  d i s t r ib u t io n  o f T c e l l  
su b se ts  w ith  im m unoregulatory p ro p e r t ie s ,  causing  t r a n s ie n t  T fj 
lymphopenia (TM4,) and a lso  Ty1* [374 ,375], sometimes causing  decreased  
T c e l l  and monocyte numbers; they  can a lso  in flu en ce  s e v e ra l  in  v i t r o  
t e s t s  fo r  bo th  spontaneous ( n a tu r a l ly  o c cu rrin g ) o r m itogen induced
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su p p resso r c e l l  a c t i v i t y  [376-378], so can be regarded  a lso  as 
immunosuppressive ag en ts .
Because o f t h e i r  known immunosupressive e f f e c t ,  RA p a t ie n ts  on 
c o r t ic o s te r o id s  were avoided in  t h i s  p r o je c t .
Long-term use o f c o r t ic o s te r o id s  i s  dangerous due to  th e i r
immunosuppressive e f f e c t s ,  p e p tic  u lc e r  fo rm ation , ad ren al
su p p re ss io n , developm ent o f th in  and f r a g i l e  s k in , de layed  wound 
h e a lin g  and th e  l ik e lih o o d  o f a n t i - l ip o c o r t i n  p ro d u c tio n , thus 
r e s u l t in g  in  la rg e r  doses fo r  equal e f f ic a c y  on subsequent occasio n s
when such tre a tm e n t i s  needed. However, i f  i t  can be shown th a t  such
A b's a re  on ly  produced fo llo w in g  c e r ta in  s te r o id s  o r c e r ta in  ro u te s
t
( e .g .  o ra l  v e rsu s  in trav en o u s) -  one could a d m in is te r  th o se  s te ro id s , 
or v ia  a ro u te  w ith  l e a s t  l ik e lih o o d  o f inducing  A b 's . Some RA 
p a t ie n t s  may a lre a d y  have a n t i - l ip o c o r t i n  A b's in  t h e i r  blood and th i s  
may be p a th o lo g ic a l in  i t s  own r ig h t .
4 )  S eco n d  l i n e  d r u g s
Where d is e a se  a c t i v i t y  rem ains unchecked by NSAID an d /o r 
c o r t ic o s te r o id s ,  second l in e  tre a tm en t i s  in tro d u ced . These drugs a re  
r e fe r re d  to  as  “ s lo w -a c tin g  a g e n ts“ , because th e i r  e f f e c t s  may n o t be 
ap p aren t u n t i l  a f t e r  4-6  months of con tinuous tre a tm e n t. Because they  
appear to  be ab le  to  h a l t  o r slow down th e  t i s s u e  d e s tru c t io n  by 
a l t e r in g  immune r e a c t iv i ty ,  they  a re  a lso  termed “ a n tirh e u m a tic ” o r 
“d is e a se  r e m it t in g ” d ru g s , b u t a re  b e t t e r  d e sc rib e d  as “d is e a se
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suppressing** o r “m odify ing” d rugs, s in c e  t o t a l  c l i n i c a l  rem ission  w ith  
them i s  ex trem ely  r a r e .  They can re v e rse  some o f th e  damage o f a cu te  
and ch ro n ic  s y n o v i t is  b u t no t th a t  seen in  b u rn t-o u t d is e a s e . 
Improvement in  c l i n i c a l  s ta tu s  can be a sse sse d  r a d io lo g ic a l ly  and by 
c l i n i c a l  in d ic e s , e .g .  R itc h ie  index and la b o ra to ry  pa ram ete rs , e .g .  
ESR, CRP and RF le v e l s .
T h is  group o f d rugs in c lu d es  th e  su lp h y d ra te  d ru g s , such as  
D -p en ic illam in e  and gold  m ercap tid es , and drugs converted  tot
su lp h y d ra te  m e ta b o lite s  in  v iv o , e .g  lev am iso le , i t  a lso  in c lu d es  th e  
a n t i - m a la r ia l  d ru g s , namely ch lo ro q u in e , hydroxychloroquine and 
su lp h a s a la z in e . These d rugs lack  any d i r e c t  an tiin flam m ato ry  o r 
a n a lg e s ic  o r im munosuppressive p r o p e r t ie s ,  b u t a re  th e  on ly  drugs to  
d a te  known to  h a l t  th e  d is e a se  p ro ce ss , and as such they  h a l t  th e  
inflam m atory  p ro c e ss  to o , which rem ains q u is c e n t fo r  some tim e a f t e r  
d is c o n t in u a tio n  o f tre a tm e n t b u t r e tu rn s  again  e v e n tu a lly . Some o f 
t h e i r  in  v ivo  e f f e c t s  and adverse  s id e  e f f e c t s  a re  shown in  ta b le  1 .4 . 
One o th e r  p o s s ib le  mode o f a c tio n  o f su lp h y d ra te  d rugs i s  by 
in c re a s in g  v a sc u la r  p e rm e a b ility  and c re a t in g  a h is to d i lu t io n  b a r r i e r ,  
d i l u t i n g  o u t th e  damaging ag en ts  in  th e  j o i n t s ,  as  can occur w ith  th e  
u se  o f such ag en ts  in  the  stomach [3 7 8 b ].
T reatm ent w ith  th e se  d rugs i s  hampered by th e  m a n ife s ta tio n  o f 
to x ic  s id e  e f f e c t s ;  some n o n - le th a l  b u t annoying, e .g .  sk in  ra sh e s , 
lo s s  o f t a s t e  and o th e r  p o te n t ia l ly  l i f e  th re a te n in g  e f f e c t s ,  e .g .  
th rom bocytopenia and n e u tro p e n ia . These e f f e c t s  have l im ite d  th e i r
TABLE 1.4
THE ACTION AND ADVERSE SIDE EFFECTS OF ANTIRHEUMATIC DRUGS
2nd LINE DRUGS ACTION (most da ta  der ived 




Int ravenous  sodium 
aurothiomalate or 
sodium
au ro th iog lucose , at 
10-20 mg/week or 
50 mg/2-3 weeks or 
200 mg/month.
Serum leve l s  
1 Mg/ml
} PMN fun c t ion e s p e c i a l l y  
R0S produc t ion,  phagocytos is  
and chemotaxis
|  C cascade
|  in v i t r o  L0 responses ,  
normal ises  in vivo L0 
responses,  i n h i b i t s  lysosomal 
enzymes. Au may i n h i b i t  MO 
funct ion and could block SH 
groups,  but th iomala te  may 
reduce ox id ised  SH groups
Agranulocytosis
Prot e inu rea
Thrombocytopenia
Type I h y p e r s e n s i t i v i t y
Aplas t ic  anaemia 
Rash
Bad breath  
Yellow skin 
More tox ic  the lower 
the sulphoxidat ion 




P ro tec t  p r o t e in a se  
i n h i b i t o r  from R0S damage
Nausea
Rash
Loss of t a s t e
D-PEN 125-750 mg/day 
s t a r t i n g  with low 
dose and increas ing  
intake with spaced 
increments .
375 mg/day 
maintenance dose.  
Serum lev el s  
10-50 vM
I n h i b i t s  T^ a c t i v i t y  in 
presence of CuSO^ by 
production of H2 O2 '
Scavenges ROS, i n h i b i t s  IgG 
aggregat ion,  normalises  MO 
funct ion,  c h e l a t e s  Cu and Fe, 
reduces ox id ised  SH groups .  
S t a b i l i s e s  co l l agen ,  
i n h i b i t s  co l l agenase  





Induction of SLE 
Blood d y sc r a s i s  
Pemphigus 
Loss of t a s t e
ANTIMALARIALS Lysosomatropic e f f e c t s  
j  col lagen degr adat ion 
|  IL-1 product ion
Retinopathy
SULPHASALAZINE |  acute phase response 
Poss ib ly  |  IL-1 product ion
Thrombocytopen ia
Nausea /  vomiting 
01igospermia
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w ide-spread  use and r e s u l t  in the  n e c e s s i ta t io n  o f s t r i c t  m on ito ring
in  th o se  p a t ie n ts  in  which such tre a tm e n t i s  deemed u s e fu l .
F o r tu n a te ly  th e  dem onstration  of to x ic  s id e  e f f e c t s  or in e f f ic a c y
u s in g  one does n o t mean th a t  s im ila r  t o x ic i ty  and in e f f ic a c y  i s  found
w ith  an o th e r , so th e  p h y s ic ian  has th e  o p p o rtu n ity  to  t r y  v a rio u s
!
tre a tm e n ts  u n t i l  th e  most e f f e c t iv e  w ith  l e a s t  s id e  e f f e c t s  i s  found 
fo r  th e  in d iv id u a l concerned. Because o f t h e i r  s lo w -a c tin g  n a tu re , 
p a tie n c e  i s  req u ire d  on th e  p a r t  of th e  d o c to r  and p a t ie n t  in  o rd e r to  
see  i f  th e  drug  i s  e f f ic a c io u s  o r n o t (se e  su lp h y d ra te  tre a tm e n t in  
l a t e r  s e c t io n ) .
5 )  T h i r d  l i n e  d r u g s
Where d is e a s e  a c t i v i t y  i s  n o t cured by th e  use  o f even second 
l in e  d ru g s , th i r d  l in e  ag en ts  a re  employed, as  a  f i n a l  a ttem p t to  
p a c ify  th e  ag g re ss iv e  d is e a se  p ro c e ss . These d rugs a re  
c y to to x ic /a n tim e ta b o lic , e .g  a z a th io p r in e , m e th o trex a te ,
cyclophosphamide and ch lo ram bucil. These d ru g s  a re  n o t d i r e c t l y  
a n ti-in flam m ato ry  o r a n tirh e u m a tic , b u t sim ply h a l t  th e  d is e a s e  by 
p rev en tin g  d iv id in g  c e l l s  from r e p l ic a t in g  t h e i r  DNA o r by d e p le t in g  
th e  c e l l s  o f DNA p re c u rso rs . They a re  used to  t r y  and in h ib i t  CD4+ 
T - c e l l  and B c e l l  h y p e ra c t iv i ty  and th e re fo re  i n h ib i t  th e  unchecked — - 
immune response . However, s in c e  th es^ - ■ d rugs a re  n o t s e le c t iv e  fo r  
a c t iv a te d  lym phocytes, bu t in h ib i t  a l l  a c t iv e ly  d iv id in g  c e l l s  in  th e  
body, e .g . those  o f th e  GI t r a c t ,  bone marrow and gonads, th ey  r e s u l t ,
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a f t e r  long-term  u se , in  obvious r i s k s  o f b leed in g , to x ic i ty ,  
immunosuppression and s t e r i l i t y ,  which s e r io u s ly  r e s t r i c t  t h e i r  
a d m in is tra tio n . Sometimes they  a re  g iven  in  low doses in  o rd er to  
reduce th e  amount o f c o r t ic o s te r o id s  th a t  need be g iv en , s in c e  a 
p o te n t com bination o f low dose c o r t ic o s te r o id  and low th i r d  l in e  
trea tm en t i s  thought le s s  harm ful than high doses o f e i th e r  a lo n e .
When a l l  such p rev io u s  tre a tm e n ts  have proved in e f f ic a c io u s ,  the 
fo llo w in g  tre a tm e n ts  a re  a lso  p o s s ib le :  a ) th e  a d m n in is tra tio n  of
l ip id - s o lu b le  cyclosporin -A  as an immunosuppressive agen t v ia  i t s  
a b i l i t y  to  in h ib i t  IL -2 re c e p to r  ex p ress io n  and th e re fo re  c e l l  
p r o l i f e r a t io n ;  b ) th e  a d m in is tra tio n  of Campath-6  which i s  a  c y to to x ic  
an tibody  to  IL-2 re c e p to r  b e a rin g  c e l l s .  I t  causes s h o r t - l iv e d  
th e ra p e u tic  b e n e f i t s ,  b u t cannot be used fo r  long in  case  a n tib o d ie s
a re  formed a g a in s t  t h i s  r a t  p ro te in .
PATIENT MANAGEMENT
Because RA p a t ie n ts  have such a v a r ia b le  c l i n i c a l  co u rse , each 
p a t ie n t  must be a sse ssed  thorough ly  and in d iv id u a lly  in c lu d in g  j o i n t
assessm ent (number and s e v e r i ty ) ,  p a t ie n t  g r ip ,  changing blood
p ic tu r e ,  e .g . ESR, Hb, acu te  phase p ro te in s  and RF, fu n c tio n a l 
d i s a b i l ty ,  ra d io g ra p h ic  a n a ly s is .  On th e  b a s is  o f a l l  th e se
measurements, a p lan  o f management i s  drawn up, in c lu d in g  
p h y sio th e rap y , -  programs of r e s t  and e x e rc is e , o ccu p a tio n a l th e rap y  
and drug th e rap y . To p rev en t f u r th e r  j o i n t  d e s tru c t io n  synovectomy may
t
108
be c a r r ie d  ou t e a r ly  in  th e  d is e a s e , or sometimes la t e  in  th e  d is e a se  
when th e  j o i n t  has a lre a d y  been d e stro y ed . The j o i n t s  th a t  have been 
destro y ed  by -erosive d is e a s e  can be rep laced  w ith  s y n th e t ic  p ro th e se s  
( e .g .  h ip , knee and m etaphalangeal j o i n t s ) .
THE ROLE OF THE SH GROUP IN RA
а )  The b i o l o g i c a l  im p o r ta n c e  o f  s u l p h y d r y l  g r o u p s
The SH group i s  one o f th e  most u b iq u ito u s  lig an d s  in  b io lo g ic a l
system s, i t  i s  a lso  one o f th e  most r e a c t iv e ,  ta k in g  p a r t  in  s e v e ra l
biochem ical and m etabo lic  p ro c e sse s , p a r t i c u la r ly  th o se  in v o lv in g
“ SH-S-S exchange reac tions** . The u b iq u ito u s  f r e e  SH or S-S bonds a re
involved in  th e  fo llo w in g : 1 ) s t r u c tu r e  and fu n c tio n  o f membranes; 2 )
enzyme system s -  im portan t in  a c t iv a t io n  an d /o r s u b s t r a te  binding- - ,
+ +e .g .  adenyl c y c la se ; 3) membrane t r a n s p o r t  system s, e .g .  Na /K
2+s p e c if ic  ATP-ase, Ca ch annels; 4 ) hormone a c tio n  and re c e p to r s ,  e .g . 
S -S -lin k ed  a d re n a lin e  re c e p to rs ;  5) conform ation o f p ro te in  s t r u c tu r e ;
б ) m etal s e q u e s tra tio n ; 7) c e l l  d iv is io n ;  8 ) re c o g n itio n  system s, e .g .  
S-S lin k ag es  in  CD8 , TCR, CD28 and CD 11 (C 3bi) a n tig e n s  and SH in  FCR 
fu n c tio n , and g lu c o c o r tic o id  re c e p to r  b in d in g ; 9) SH im portan t in  
v a sc u la r  i n t e g r i ty ,  blood c lo t t in g ,  c e l l  m ig ra tio n , ROS scavanging  and 




F ree  SH groups on enzymes, serum p ro te in s  o r membranes a re  the 
r e s u l t  o f th e  am inoacid c y s te in e :
COOH
I
HS -  C H ,- CH
nh2
The SH group in  t h i s  m olecule can c o v a le n tly  bind to  sm all MW 
m olecu les to  form g lu ta th io n e , o r la rg e r  ones to  form m acrom olecules. 
O x id a tiv e  com bination of two f r e e  c y s te in e s  r e s u l t s  in  c y s t in e , and i f  
two c y s te in e  re s id u e s  a re  c lo se  to g e th e r  in  th e  same p ro te in ,  they  
could  r e a c t  to  form in tram o le c u la r  S-S bonds o r , i f  c lo se  to  ones in  a 
s e p a ra te  m olecule, in te rm o le c u la r  bonds. The u b iq i t io u s  n a tu re  o f SH 
and S-S groups makes them th e  id e a l  can d id a te  to  be re sp o n s ib le  fo r  
d ise a se d  s t a t e s ,  s in c e  sim ple blockade o r o x id a tio n  o f th e  SH group, 
o r in c o r re c t  p o s it io n in g  o f S-S bonds or re d u c tio n  o f S-S bonds could 
o b v io u sly  have d is a s tro u s  consequences.
I t  has been suggested  th a t  th e  autoimmune d is e a s e , e .g .  RA, 
should  be c a l le d  th e  “ a u to -d isu lp h id e -d y sy n th e s is  d is e a s e s ” s in c e  they  
o f te n  seem to  d is p la y  reduced f r e e  SH, in c reased  S-S le v e ls  and 
abnormal p ro te in s  due to  in c o r r e c t ly  p a ire d  S-S bonds, and th e re fo re  
a l te r e d  t e r t i a r y  s t r u c tu r e ,  r e s u l t in g  in  abnormal b io lo g ic a l  a c t i v i ty ,  
e .g .  a l t e r a t io n s  in s t r u c tu r a l  p ro te in s ,  enzymic a c t i v i t y ,  su rfa c e  
a n tig e n s  and re c e p to rs .
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An i n t r a c e l lu l a r  mechanism fo r  re g u la tin g  c e l l  su rface
su lp h y d ry 1-g roups in  th e  form o f g lu ta th io n e  and i t s  a sso c ia te d
enzymes has been p o s tu la te d  [381 ,382], and of course  i f  t h i s  i s  
inadequate  i t  could lead  to  a d isea sed  s t a t e .  The b io lo g ic a l  p ro cesses  
in  which th e se  fu n c tio n a l groups a re  involved of most re lev an ce  to  BA 
a re  inflam m ation [383] and th e  immune response [384 ,385]. Regarding 
th e  immune rep so n se , SH groups a re  im portan t in  lymphoid c e l l
p r o l i f e r a t i o n  [384,386] and d i f f e r e n t i a t io n  [387], Ab p roduction  
[3 8 8 ], Fc re c e p to r  fu n c tio n  [389], and monocyte and lymphocyte
in te r a c t io n s  fo r  Ab s y n th e s is  [289]. S ince SH groups a re  im portan t in  
a l l  th e se  p ro c e sse s , i t  j u s t i f i e s  t h e i r  in v e s t ig a t io n  in  a  ch ron ic
autoimmune d is e a se  such as RA. I t  can be v is u a l is e d  th a t  low m olecular 
w eight -SH c o n ta in in g  m olecules a re  very  r e a c t iv e ,  s in c e  th e  SH group 
i s  e a s i ly  a c c e s s ib le .  High m olecu lar w eight su lp h y d ra te  enzymes a re  
f a i r l y  r e a c t iv e ,  b u t high m olecu lar w eight membrane su lp h y d ra te
p ro te in s  a re  le s s  ‘r e a c t iv e ,  due to  t h e i r  g eo g rap h ica l arrangem ent and
th e  re a c t iv e  groups around them; th u s  some membrane SH groups a re
h ig h ly  r e a c t iv e ,  s low ly  r e a c t iv e  Or t o t a l l y  masked. F a c to rs  assumed to  
p la y  a  ro le  in  d e term in ing  th e  r e a c t iv i t y  o f a p a r t i c u la r  SH group in 
a p ro te in  a re : 1 ) th e  n a tu re  o f a d ja c e n t groups ( p a r t i c u la r ly
e le c t r o p h i l i c  on es); 2) e l e c t r o s t a t i c  e f f e c t s ;  3) pH; 4 ) s t e r i c
f a c to r s ;  5) in te rn a l  in te r a c t io n s  of SH groups w ith  hydrogen o r S-rS 
bonds [389b]. In  try in g  to  e s ta b l i s h  a ro le  f o r  SH or S-S bonds in 
v a r io u s  b io lo g ic a l  p ro c e sse s , a v a r ie ty  of re a g e n ts  can be
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used (se e  Table 1 .5  and 1 .6 ) . A ro le  fo r  a t h io l  group in  an is o la te d  
m olecule o r enzyme i s  q u i te  easy to  i l l u s t r a t e ,  b u t i s  more d i f f i c u l t  
in  membrane p ro te in s  due to : a ) lack  of s p e c i f i c i t y  o f many o f th e  
re a g e n ts  ( i . e .  r e a c t  w ith  o th e r  fu n c tio n a l groups a p a r t  from SH); b ) 
d i f f e r e n t  re a g en ts  r e a c t  w ith  d i f f e r e n t  SH groups, some re a g e n ts  r e a c t  
w ith  a l l  SH groups, even —th o se  n o t involved in  s p e c i f ic  c e l l u l a r  
fu n c tio n ; c ) d i f f i c u l t i e s  in  d is t in g u is h in g  a p rim ary  e f f e c t  from an 
e f f e c t  secondary to  in h ib i t io n  o f c e l l u l a r  m etabolism , and f in a l ly :  e ) 
i t  i s  d i f f i c u l t  to  p o s tu la te  a ro le  fo r  a th io l  group in  an unknown 
p ro te in  o f unknown g eo g rap h ica l arrangem ent th a t  fu n c tio n s  in  an 
unknown way. Some o f th e  SH re a c t in g  re a g en ts  a re  n o n -p e n e tra tin g
(e .g .  PHMPSA), slow ly  ( e .g .  NEM) or ra p id ly  ( e .g .  d iam ide) 
p e n e tra tin g .
T h ere fo re , in  o rd e r to  t e s t  th e  s ig n if ic a n c e  of a membrane
su lp h y d ry l group in  a p a r t i c u la r  c e l l u l a r  fu n c tio n , i t  i s  obv iously  
n ecessa ry  to  f in d  a reag en t which i s  n o n -p e n e tra tin g  (h y d ro p h ilic  and 
lip o p h o b ic ) and w ith  a  high s p e c i f i c i t y  fo r  SH groups, p a r t i c u la r ly  
those  th a t  a re  fu n c tio n a lly  im p o rtan t. Of a l l  th e  re a g e n ts  shown, 
PHMPSA b e s t  f u l f i l l s  th e se  c r i t e r i a ,  thus i t  was used in  t h i s  p ro je c t
as a b lock ing  agen t fo r  f r e e  SH groups, to  see  which c e l l u l a r
fu n c tio n s  a re  in h ib i te d  a f t e r  th e i r  b lockade. I t  should be noted  th a t  
n o t a l l  SH groups a re  fu n c t io n a l ly  im portan t; nor a re  a l l  fu n c t io n a l ly  
im portan t SH groups o x id ised  in  RA; nor a re  a l l  fu n c t io n a l ly  im portan t 
SH groups blocked by PHMPSA; nor a re  a l l  SH groups, which a re  blocked
TABLE 1.5
A WIDE RANGE OF AGENTS CAN BE USED TO INVESTIGATE THE IMPORTANCE OF SH 
GROUPS IN PROTEIN STRUCTURE AND FUNCTION AND ARE CLASSIFIED ACCORDING 
TO THE NATURE OF THE INTERACTION.




I n t e r a c t io n Typical  agents
1 "SH — S-S“ exchange react ion 
e .g .  oxidat ion of reduced SH groups
Q-SH + R-S-S-R --- > Q-S-S-R + R-SH
L-cyst ine
Oxidised (GSSG)
g lu ta th io n e
Cystamine
-2 Oxidation (dehydrogenation) 
CO]
2Q-SH --- ► Q-S-S-Q
> -IFN 
ROS
0o + Fe s a l t s
D-PEN + CuSO.4
Diamide
D ie thy lma lea te
(DEM)
O-Phenanothrol ine- 
cupr ic  complex
3 Blockade by mercaptide formation 
with heavy metals,
H +
Xe.g .  Q-SH + Hg —— * R-S-Hg
Hg and Au s a l t s
Organic mercur ia ls  
e .g .  PCMB ( c e l l  
pen e t r a t  in g ), 
PCMBSA & PHHPSA 
(non pen e t r a t i n g )
4 Alkylat ion Iodoacetamide 
Iodoaceta te  
Thiomersal
5 Addition to “ = ** N-ethylmaleimide
(NEM)
6 Acylation Acid anhydrides
7 Arylat ion Fluoronit robenzene 
Tr in i trobenzene 
Sulfonic  acid
8 Raised pH Alkal ine agents
N.B. Fluorescent  t h i o l  i n t e r a c t i n g  agents  (Bimanes) can be used to 
d i r e c t l y  indi ca te  the pos i t io n  of i n t e r n a l  SH groups (using mBBr) or 
su rface  SH groups (us ing qBBr).
TABLE 1 . 6
A HIDE RANGE OF AGENTS CAN BE USED TO INVESTIGATE THE IMPORTANCE OF 
"S-S BONDS" IN PROTEIN STRUCTURE AND FUNCTION AND ARE CLASSIFIED 
ACCORDING TO THE NATURE OF THE INTERACTION.




In t e r a c t io n Typical  agents
1 "S-S — SH" exchange re act ion
e .g .  reduct ion of oxidised SH groups
Q-S-S-Q + 2R-SH — » 2Q-SH + R-S-S-R 
•
e . g .  reduct ion of blocked SH groups 





L -cys te  ine 
Reduced (GSH) 
g lu ta th io n e
2 Oxidation Performic acid
3 Blockade by mercaptide formation D i t h i o t h r e i t o l
(DTT)
D i t h i o e r y t h r i t o l
D i e t h y l d i th i o l -
carbamate
N.B. Redox p o t e n t i a l s  in order of descrea s ing  e f f ec t i v en e s s :  
DTT > 2-ME > GSH > L-cyste ine
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in  RA, fu n c t io n a l ly  im p o rtan t.
A lso i t  must be remembered th a t  PHMPSA a c ts  i r r e v e r s ib ly  by 
su rfa c e  SH b lockade, whereas in  vivo the  main SH in te r a c t in g  ag en ts  
a re  ROS, which can p e n e tr a te  membranes so can in te r a c t  w ith  b o th  
in te r n a l  and e x te rn a l  SH groups to  form S-S bonds, whose fo rm ation  i s  
r e v e r s ib le  i f  th e  c e l l  c o n ta in s  s u f f i c i e n t  d e to x if ic a t io n  mechanisms. 
2 -m ercap toethano l (2-ME) was used to  t e s t  th e  re v e rse  re a c t io n ,  ( i . e .  
re d u c tio n  of membrane S-S to  SH) on c e l l  fu n c tio n , s in c e  2-ME too i s  
su rfa c e  a c tin g .
b )  T he r o l e  o f  t h e  SH g ro u p  in  t h e  immune 
an d  in f l a m m a to r y  r e s p o n s e
S evera l a sp e c ts  o f th e  immune response  appear to  inv o lv e  SH 
g roups, and th e  id ea  th a t  ROS could cause t h e i r  o x id a tio n  in  v ivo  has 
been given  credence by th e  f in d in g  th a t  a d d itio n  o f ^ 0 2  to  serum, 
o x id is e s  th e  SH group on albumin in  a dose-dependent manner, which 
a lso  occurred i f  a c t iv a te d  n e u tro p h ils  or monocytes were used in s te a d . 
In  th e  p a r t i c u la r  in  v i t r o  system  used , none of th e  o th e r  ROS nor 
ceru lop lasm in  ox idase  a c t i v i t y ,  b u t only  was found to  have t h i s  
e f f e c t  [96 ].
Numerous s tu d ie s  have shown th a t  sim ple low m olecu lar w eight 
t h i o l s ,  e .g .  2-ME, can p o te n t ia te  the  fu n c tio n  o f many immunological 
c e l l s  in  v i t r o ,  and show a wide range o f immunomodulatory e f f e c t s ,
d e s p i te  th e  sh o r t  h a l f - l i f e  o f 2-ME in c u l tu re  (5 to  9 hours) and i t s
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narrow  range o f s t im u la to ry  e f f e c t s  (2 -5  x 10 M), being  to x ic  a t
h ig h e r c o n c e n tra tio n s  and in h ib i to r y  e i th e r  s ide , o f t h i s  range. A
review  of th e  l i t e r a t u r e  shows th a t  2-ME: 1) can s tim u la te  Ab
resp o n ses, e .g .  RF and PFC or Ig  p ro d u c tio n , s in c e  i t  i s  a p o ly c lo n a l
B c e l l  a c t iv a to r ;  [385]; 2) can s t im u la te  lymphocyte p r o l i f e r a t i o n  in
response to  T c e l l  dependent m itogens o r a llo g e n e ic  MLR [384 ,386]; 3)
can s tim u la te  c y to to x ic  T c e l l  re sponses [390-392]; 4 ) can s tim u la te
th e  growth o f B-lymphocyte c o lo n ie s  [393]; 5) i s  weakly m itogen ic  fo r
B c e l l s ;  6 ) can enhance lymphocyte v i a b i l i t y ;  7) can sy n e rg ize  w ith
endotox ins in  th e  in d u c tio n  o f a B c e l l  m itogen ic  response ; 8 ) i s
re q u ire d  fo r  op tim al p rim ary  in  v i t r o  humoral immune re sp o n ses; 9) i s
a g e n e ra lly  recognized  a d d it iv e  to  c u l tu re s  to  improve PBMNC immune
resp o n ses; 10) i s  re q u ire d  to  m ain ta in  f r e e  membrane SH groups on
NK-like c e l l s  l a t e  in  t h e i r  c e l l  cy c le  (G1 to  S ), b u t e a r ly  in  th ea
c e l l  cy c le  o f lymphocytes (GO to  G ^ ;  11) can cause re d u c tio n  of
ra d ia tio n -in d u c e d  SH o x id a tio n  (th o u g h t to  be caused by ROS); 12) can 
re a c t  w ith  c y s tin e  in  media and in c re a se  i t s  up take by c e l l s ,  where i t  
i s  m etabolized and re le a se d  as g lu ta th io n e  and c y s te in e , and can 
fu n c tio n  as  a  serum component a c t iv a to r  by re a c t in g  w ith  th e  
m eth y 1 -th io l group o f FCS to  form m e th y l- th io -d isu lp h id e  which can be 
taken  up by th e  c e l l s ,  th u s  a l t e r in g  in t r a -  and e x t r a - c e l lu l a r  SH/S-S 
r a t i o  in ~ c e l ls ;  13) can r e a c t  w ith  albumin to  form m ercaptoalbum in, 
which i s  more r e s i s t e n t  to  a u to -o x id a tio n  than n o n -p ro te in  th io l s ,  
th u s  has a s t a b i l i z i n g  ro le  in  the  m aintenance of th e  SH co n ten t of
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media; 14) can in h ib i t  a rach id o n ic  ac id  m ediated p l a t e l e t  ag g reg a tio n ; 
15) can s u b s t i tu te  fo r  macrophages in  th e  PFC response  o f s p le e n - c e l ls  
d e p le ted  of ad h eren t c e l l s  [394], t h i s  i s  e x p lic a b le  in  term s o f 
macrophages having a n o n -s p e c if ic  h e lp e r fu n c tio n  to  T- and B c e l l s  in  
th e  form of g e n e ra tin g  SH compounds, e .g .  c y s te in e  and g lu ta th io n e , to  
m antain th e  SH/S-S r a t i o  in  th e  environm ent.
Not a l l  sm all MW SH c o n ta in in g  m olecules behave l ik e  2-ME: some
of th e i r  a c tio n s  a re  s im ila r  and o th e rs  a re  d is s im i la r ,  and i t  seems 
th a t  t h e i r  e f f ic a c y  depends on th e i r  c o n f ig u ra tio n , s t a t e  o f o x id a tio n  
and lo c a tio n  o f c o n s t i tu e n t  groups on th e  m olecu les, and n o t j u s t  on 
th e i r  redox p o te n t ia l .  2-ME i s  envisaged to  engage in  SH/S-S exchange 
re a c t io n s  aided by i t s  a b i l i t y  to  form hydrogen bonds between i t s  -OH 
m oiety and th e  c e l l  s u rfa c e , s t a b i l i z i n g  i t s  p resence  in  th e  v ic in i ty  
o f an S-S group.
Not a l l  th e  re a c t io n s  o f su lp h y d ra te  re a g e n ts  a re  s t im u la to ry ; a
few papers  d e sc rib ed  in h ib i to ry  phenomena, e .g .  1 ) h igh  c o n ce n tra tio n
(> 100 mM) o f su lp h y d ra te  re a g e n ts  (D-PEN, g lu ta th io n e , DTT,
L -c y s te in e )  were shown to  be i n i t i a l l y  s t im u la to ry  fo r  lymphocyte
p r o l i f e r a t io n  by a s s i s t in g  th e  conversion  o f L -cystine . to  L -c y s te in e ,
which i s  more re a d i ly  taken-up  by th e  c e l l ,  b u t l a t e r ,  due to  th e
form ation  o f mixed d is u lp h id e s  w ith  L -c y s tin e  (which cannnot be
taken-up  by the  c e l l ) ,  they  e v e n tu a lly  d ep rived  th e  c e l l  o f t h i s
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e s s e n t ia l  am inoacid, th u s  causing  in h ib i t io n  [395]; 2) low m olecular 
SH compounds were found to  damage c e r ta in  S-S linked  re c e p to r s ,  e .g .
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C3bi fo r  E A -ro se tte  fo rm ation  and immunoadherence [396] on 
e ry th ro c y te s , lymphocytes and phagocytes, and 2-ME has been shown to  
d is ru p t  th e  CD8 , TCR, CD28, a d re n a lin e  and in s u l in  re c e p to rs  cau sin g  2 
bands on SDS e le c tro p h o re s is  [397]. D esp ite  g lu ta th io n e , DTT and 
L -cy s te in e  a l l  d is ru p t in g  th e  C3bi re c e p to r , on ly  L -c y s te in e  in h ib ite d  
a d re n a lin e  responses in  lym phocytes; th u s  ag a in  d if f e r e n c e s  in  SH 
reag en t s t r u c tu r e s  and s t e r i c  h in d ran ces  a f f e c t  su lp h y d ra te  a c tio n  
[398]; 3) th e re  i s  evidence th a t  SH re a g e n ts  can d is r u p t  c e r ta in  S-S 
s o lu b le  an tig en  s p e c i f ic  MHC r e s t r i c t e d  f a c to r s ,  e .g .  T^ f a c to r  [398b] 
and Tg fa c to r  [3 9 8 c ].
Using a v a r ie ty  o f SH re a c t in g  ag en ts  ( e .g .  th e  o x id is in g  agen t
d iam ide, b lo ck in g  ag en ts  PHMPSA, NEM and DTNB, and th e  a lk y la t in g
agen t iodoacetam ide [3 9 9 ]), SH groups were shown to  be involved in
e a r ly  ev en ts  in  lymphocyte a c t iv a t io n  (GO to  S) The e a r ly  ev en ts  in
th e  c e l l  cy c le  where SH in te r a c t in g  ag en ts  may in te r a c t  a re :
in h ib i t io n  o f th e  hexose-monophosphate shun t (which in c re a se s
g lu ta th io n e  le v e l s ) ,  in h ib i t io n  o f Na+/K+ ATP-ase (needed in
2+lymphocyte tra n s fo rm a tio n ) , a l t e r a t io n  in  Ca f lu x e s  and in  membrane
p e rm e a b ility , in h ib i t io n  of a d en y l-cy c la se  a c t i v i t y  (cAMP i s  an
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im portan t re g u la to r  o f lymphocyte m etabolism , immunological r e a c t iv i ty  
and to le ra n c e ) ,  in h ib i t io n  o f re c e p to r  b in d in g  and fu n c tio n , 
in h ib i t io n  o f phospho lipase  k^ a c t iv a t io n  and i t s  subsequent a c tio n s  
on am inoacid m e ta b o lite s , o x id a tiv e  m etabolism  and p h o sp h o ry la tio n s  o f 
enzymes and re c e p to rs , in h ib i t io n  o f tu b u lin  p o ly m eriza tio n  (im p o rtan t
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in  o i-am ino-isobu ty ric  ac id  tra n s p o r t  and DNA s y n th e s is ) .  Some o f the  
ev en ts  th a t  could be a f fe c te d  l a t e r  in  th e  c e l l  cy c le  a re  th e  
consequences o f some o f the  ev en ts  l i s t e d  above, e .g .  1) in h ib i t io n  of 
in d u c tio n  o f ribosom al a s so c ia te d  p ro te in  k in a se  th a t  p h o sp h o ry la tes  
e i f - 2 , b lock ing  i n i t i a t i o n  o f p ro te in  s y n th e s is  (due to  a  r i s e  in  
G S S G ), and 2) in h ib i t io n  o f enzymes re q u ire d  fo r  RNA and DNA 
sy n th e s is .  The d i f f e r e n t  tim e -co u rses  o f in h ib i t io n  shown by
th e  v a rio u s  SH re a c tin g  m olecu les, do n o t n e c e s s a r i ly  imply a c tio n  on 
unique s e t s  o f SH groups, b u t sim ply r e f l e c t  t h e i r  d i f f e r e n t  
h a l f - l i v e s  in  c u l tu re s  and th e  f a c t  th a t  some a re  ra p id ly  p e n e tr a t in g  
(d iam ide) b u t o th e rs  a re  n o t (PHMPSA).
S evera l l in e s  o f evidence su g g est th a t  th e  im portan t SH groups 
fo r  lymphocyte a c t iv a t io n  a re  on th e  c e l l  su r fa c e s  and no t 
i n t r a c e l lu l a r ,  e . g . : 1) bo th  diam ide and PHMPSA in h ib i t  lymphocyte 
re sp o n ses, y e t  th e  form er e n te r s  the  c e l l s  f a s t  [399] and th e  l a t t e r  
i s  n o t p e n e tra t in g  [400]; 2) g lu ta th io n e  and 2-ME enhance lymphocyte 
p r o l i f e r a t i o n ,  b u t cysteam ine phosphate has no e f f e c t ,  y e t th e  form er 
a re  impermeant th io l s  and th e  l a t t e r  i s  perm eable and can be converted  
to  a  SH compound in t r a c e l lu l a r ly  [401].
c )  The r o l e  o f ' s u l h y d r a t e - d r u g s  in  t h e  t r e a t m e n t  o f  RA
The f a c t  th a t  on ly  th e  second l in e  d ru g s , most o f which a re  
su lh y d ra te  d rugs o r a re  converted  to  th io l- c o n ta in in g  m e ta b o lite s  in  
v iv o , h a l t  th e  d is e a se  p ro c e ss , would su g g es t th a t  th e i r  e f fe c t iv e n e s s
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i s  due to  th e i r  SH groups which can be used to  c o r r e c t  membrane and 
serum th io l  le v e ls  by SH-S-S excange re a c t io n s  [402]. Raised serum 
t h i o l  le v e ls  a f t e r  su lh y d ra te  tre a tm e n t p robab ly  r e s u l t  from 
n o rm a liza tio n  o f albumin le v e ls  due to  th e  d is e a se  rem ission  and by 
re le a s e  o f f r e e  SH groups th a t  were p re v io u s ly  locked in  
m acrog lobulins such a s  RF. C e r ta in  a n t ip h lo g is t ic  a g en ts  ( s te r o id s  and 
NSAID) can a lso  sometimes no rm alise  d e fe c t iv e  SH le v e l s ,  b u t do so 
p robab ly  by in f lu e n c in g  exposure, r e a c t iv i t y  o r number o f SH groups o r 
by a c c e le ra t in g  SH-S-S exchange re a c t io n s ,  so fu n c tio n  v ia  d i f f e r e n t  
mechanisms [403].
The su lp h y d ra te  d rugs should  th e o r e t ic a l ly  be a b le  to  re reduce
o x id ised  in t r a c e l lu l a r  th io l s  ( e .g  GSSG), e x t r a c e l lu la r  s o lu b le  ( e .g .
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albumin and c y s te in e )  and c e l l  su rfa c e  th io l s  ( e .g .  involved  in  ligand
re c e p to r  b in d in g  o r recep to r-G  p ro te in  in te r a c t io n s )  and could
th e re fo re  have a common mechanism of a c tio n . With re s p e c t to  D-PEN,
p o s s ib le  modes o f a c tio n  in c lu d e  th o se  shown in  ta b le  1 .7 . Such
su lp h y d ra te  drugs in c lu d e  D -p en ic illam in e , g o ld - th io l  complexes
(a u ro th io lg lu c o se , a u ro th io lm a la te , m etabo lised  to  Au and th io g lu co se
or th io lm a la te  in  v iv o ) , au ra n o fin , th e  im m unopotentiating drug
levam isole which a lso  has an a n tio x id a n t e f f e c t  and a th io l  m e ta b o lite
in  the  form of OMPI, and th e  a n tio x id a n ts  such a s  the  v itam in  B«~ b
d e r iv a t iv e  5 - th io lp y r id o x in e  (5-T P), tio p ro n in  (a ls o  c a l le d  T h io la  o r 
2-M ercaptopropionyl g ly c in e )  and d ie th y l  d ith io ca rb am ate  ( a ls o  c a l le d  
DDC o r im u th io l, see  F ig . 1 .4 ) . However, ch ryso theraphy  and D-PEN
TABLE 1 . 7
PO SSIBLE BIOCHEMICAL INTERACTIONS OF SULPHYDRATE DRUGS RELEVANT TO RA. 
(Using D-PEN as an example).
COMPLEX FORMATION WITH HEAVY METALS 
D-PEN-SH + Cu, Zn, Pb, Fe ( ..... > D-PEN-S-METAL
DISULPHIDE FORMATION
( i )  D-PEN-SH + LOW MW THIOL, e .g .  cy s te i ne  ( * D-PEN-S-cysteine
( cys te ine-D-PEN-disulphide)
( i i )  D-PEN-SH + HIGH MW THIOL, e .g .  albumin
or c e l l  membrane th i o l
THIOL DISULPHIDE EXCHANGE REACTION
D-PEN-S-S-PROTEIN
( i )  D-PEN-SH + d i sul ph ide ,  e . g .  cys t ine
or RF or ICs
( i i )  D-PEN-SH + PROTEIN-S-cysteine 
e .g .  IgA -a -a n t i t ry ps in  complexes
D-EEN-S-cysteine + cys te ine
D-PEN-S-S-PROTEIN + cys te ine
FI GURE 1 . 4
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tre a tm e n t form th e  main su lh y d ra te  d rugs in  RA. The in je c ta b le  gold
s a l t s  and D-PEN a re  w ater s o lu b le , so p robab ly  p r e f e r e n t i a l ly  a f f e c t
e x t r a c e l lu la r  and su rfa c e  t h io l s ,  b u t au rqno fin  being  l ip id  so lu b le
probab ly  p r e f e r e n t i a l ly  a f f e c t s  i n t r a c e l lu l a r  th io l s ,  however a l l  have
sdi/ble wd.
been shown to  e v e n tu a lly  norm alise  serum and SF^ membrane th io l s  
[404,405] and in t r a c e l lu l a r  th io l s  [406 .407],
Follow ing su lh y d ra te  drug tre a tm e n t, serum t h io l  ex p ress io n  
re tu rn s  to  normal in  good c l i n i c a l  resp o n d ers  [404 ,405]. I t  was found 
th a t  t o t a l  serum th io l  le v e ls  in  RA a re  low due to  re d u c tio n  in  
“ s lo w -re a c tin g  th io l  g roups” in  p re fe re n ce  to  f a s t - r e a c t in g  g roups, 
and th e  su lp h y d ra te  d rugs tend  to  r a i s e  f a s t - r e a c t in g  SH groups ra th e r  
than  th e  slow ones, so a lthough  o v e ra l l  SH c o n c e n tra tio n s  a re  
norm alised , t h e i r  r e a c t i v i t i e s  a re  n o t [408]. T h is i s  perhaps one 
reason  fo r  t h e i r  in e f fe c t iv e n e s s  in  some people  and th e i r  i n a b i l i t y  to  
cu re  th e  d is e a s e .
RA p a t ie n ts  on th e  d is e a s e  re m itt in g  su lp h y d ra te  d rugs (D-PEN and 
a u ro th io lm a la te )  were used in  t h i s  p ro je c t  to  re p re se n t “ in a c t iv e  RA 
d is e a s e ” . S u lhyd rate  tre a tm e n t be ing  th e  in  vivo e q u iv a le n t o f 2-ME 
tre a tm e n t in  v i t r o ,  known to  improve immune responses in  norm als and 
p a r t i c u la r ly  RA's due to  in c re a s in g  su rfa c e  membrane th io l  le v e ls .
However n o t a l l  t h io l  compounds a re  a n tirh eu m a tic  d ru g s , e .g .  
c y s te in e  i s  in e f f ic a c io u s  due to  i t s  u n s ta b le  th io l  group, so th e  
b io a v a i la b i l i ty  of th e  SH group i s  im portan t w ith  re s p e c t to  t h e i r
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e f fe c t iv e n e s s .  Thus, when c o n s id e rin g  novel th io l  compounds, thought 
must be g iven  to  th e  m etabolism  of th e  drug and compounds w ith  
s t r u c tu r a l  arrangem ents l ik e ly  to  p ro te c t  t h io l  groups from m etabo lic  
pathways should be favoured s in c e  t h e i r  e f fe c t iv e n e s s  depends on th e  
s t a b i l i t y  o f th e  SH group.
d )  Serum  and  m em brane SH l e v e l s  in  RA
i )  Serum  t h i o l s  in  RA
Depressed serum th io l  le v e ls  a re  a fe a tu re  o f a c t iv e  RA and o th e r 
co n n ec tiv e  t i s s u e  d is e a s e s , e .g .  SLE, which have d is tu rb a n c ie s  in  the  
immune system  and a re  inflam m atory c o n d itio n s , b u t normal o r low SH 
le v e ls  a re  found in  inflam m atory c o n d itio n s  showing s l i g h t  o r no 
immune system  d is tu rb a n c ie s ,  e .g . AS, PSA and OA re s p e c t iv e ly  [409]. 
Inflam m ation i s  p re s e n t in  a l l  th e se  c o n d itio n s , b u t i s  more sev e re  in  
RA and SLE, so t h i s  i s  in d i r e c t  ev idence fo r  an a s s o c ia t io n  w ith  ROS 
involvem ent.
I t  has been found th a t  seruin SH le v e ls  a re  th e  same in  RA 
p a t ie n t s  w hatever th e  sex  and whether s e ro -n e g a tiv e  o r p o s i t iv e  and 
th a t  serum th io l s  f a l l  w ith  in c re a s in g  age i r r e s p e c t iv e  o f th e  RF 
s t a t e  o f th e  d is e a se  [410], however o th e rs  have found decreased  serum 
SH le v e ls  occurred  in  co n ju n ctio n  w ith  in c reased  RF le v e ls  and th a t  
p a t ie n ts  w ith  connective  t i s s u e  d is e a s e s  p lu s  v a s c u l i t i s  have more 
s e v e re ly  reduced th io l  le v e ls  [409]. T h is in v e rse  c o r r e la t io n  between
120
serum th io l s  and age i s  n o t an RA s p e c if ic  phenomenon, b u t tru e  a lso  
of h ea lth y  s u b je c ts  g r e a te r  than about 70 y e a rs  [411] and i t  has been
t
suggested  th a t  ag ing  was caused by in c reased  p resence  of ROS causing  
reduced -SH le v e ls  and th a t  l i f e  could be prolonged by d i e t s  r ic h  in  
SH groups [412].
Serum th io l s  do n o t c h a ra c te r is e  any s p e c ia l  ta r g e t  m olecule, 
a lthough  th e  main m olecule measured i s  albumin (which com prises 85-90% 
of th e  SH groups measured, th e  r e s t  be in g  w ith in  th e  g lo b u lin  
f r a c t io n ) ,  b u t m erely r e f l e c t s  th e  redox p o te n t ia l  o f th e  serum. 
Normal albumin th io l  c o n ce n tra tio n  i s  about 0 .7  t h io l s  p e r m olecule 
[413], the  reason  fo r  t h i s  non in te g r a l  number a r i s e s  because some 
t h io l s  form d isu lp h id e  bonds w ith  sm all SH compounds, e .g .  c y s te in e  to  
form mixed d is u lp h id e s . The consequences o f albumin o x id a tio n  a re  
unknown, as no s p e c i f ic  fu n c tio n  has been a t t r ib u te d  to  t h e i r  SH 
groups. S e r ia l  measurements o f serum SH le v e ls  in RA showed them to  
c o r r e la te  in v e rs e ly  w ith  d is e a s e  a c t i v i t y  [410].
Serum th io l  le v e ls  a re  th e re fo re  a good marker fo r  p e r s i s te n t
s y n o v itis  and a u se fu l index o f ch ro n ic  inflam m ation, r e f l e c t in g
enhanced phagocytic  a c t i v i t y  [414].
I t  must be remembered th a t  reduced th io l  le v e ls  a re  a lso  observed 
in  o th e r d is e a se  s t a t e s ,  e .g .  cancer and leukaem ia, so a re  n o t d ise a se  
s p e c i f ic  b u t could be b e t t e r  d e sc rib ed  as a marker fo r  lymphocyte
a c t iv a t io n , th e  lym phoblasts in  RA o r i g i n a t i n g  from th e  main
inflam m atory s i t e ,  i . e .  SM [415].
R e a s o n s  f o r  d e p r e s s e d  se ru m  t h i o l  l e v e l s  in  RA
1) As a r e s u l t  o f fu r th e r  o x id a tio n  and subsequent mixed d isu lp h id e  
form ation  o f albumin [416].
2) During acu te  inflam m ation th e re  i s  a g e n e ra l a l t e r a t io n  o f l i v e r  
p ro te in  sy n th e s is  from albumin p ro d u c tio n  to  p ro d u c tio n  o f th e  acu te  
phase p ro te in s  (A PP 's), hence albumin s y n th e s is  f a l l s  in  o rd e r to  
a llow  fo r  the  in c reased  sy n th e s is  o f APP's im portan t in  h o s t defence 
[417]. However reduced albumin le v e ls  c a n 't  be th e  only  reason  fo r  
dep ressed  serum t h io l  le v e ls  s in c e  th e  two do no t c o r r e la te  [405].
3) One of th e  APP's i s  caeruoplasm in and i t  has th e  a b i l i t y  to  r a p id ly  
o x id is e  low m olecu lar w eight t h io l s ,  e .g .  c y s te in e  and th io lm a la te  to  
d isu lp h id e s  [418]. S te r ic  h indrance p re v e n ts  i t s  d i r e c t  in te r a c t io n  
w ith  album in, however i t s  d isu lp h id e  p ro d u c ts  can r e s u l t  in  SH-S-S 
exchange re a c t io n s  w ith  SH groups on albumin [413] and i t  could 
th e re fo re  be an in d ir e c t  d e term in ing  f a c to r  in  reduced serum th io l  
le v e ls .
i i )  C e l l  s u r f a c e  t h i o l s  in  RA
Reduced c e l l  su rfa c e  th io l s  have a ls o  been found on e ry th ro c y te s  
[431], n e u tro p h ils  [419], monocytes and lymphocytes in  RA [289].
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R e a s o n s  f o r  d e p r e s s e d  m em brane t h i o l  l e v e l s
1) I t  has been proposed th a t  reduced membrane SH le v e ls  in  RA r e f l e c t  
an a ttem p t by th e  body to  scavenge ROS produced in  inflam m atory 
re a c tio n s  [414].
2) Because an e q u ilib riu m  e x is t s  between membrane th io l s  and serum 
th io l s ,  d e fe c ts  w i l l  be seen in  bo th  th e  com partm ents.
Thus, th e  a l t e r a t io n  in  SH/S-S s t a t u s  in  RA i s  sy stem ic , 
o ccu rrin g  in  many d i f f e r e n t  b iochem ical com partm ents, e .g . 
in t r a c e l lu l a r ly  (GSSGT , % of S-S on Hb1") and e x t r a c e l lu la r ly  in  th e  
form of o x id a tio n  o f th io l  groups on ci^, ft and y  g lo b u lin s  le ad in g  to  
RF form ation  and % of S-S in  albumin ^ and reduced c e l l  su rfa c e  SH 
le v e ls .  Synovial f lu id  SH le v e ls  a re  a lso  low in RA b u t s tra n g e ly  to  
an equal e x te n t as  th e  serum, d e s p ite  th e  in c reased  ROS le v e ls  to  be 
expected  here , and th i s  f in d in g  has been proposed to  be due to  the
ra p id  exchange o f p ro te in s  between th e  SF and blood o r th a t  SF
co n ta in s  more f a c to r ( s )  which p ro te c t  p ro te in  th io l s  [420], In  a l l
cases  th e  red u c tio n  in  th io l  le v e ls  wherever i t  occurs i s  due to
d i r e c t  o x id a tio n  of SH groups to  S-S bonds by an a s s o c ia t io n  w ith  
o th e r m olecules or c e l l s  p o sse ss in g  t h io l  g roups. S ince th e  
thermodynamics o f th e  re a c tio n  2RSH + R-S-S-R + H2O2 in d ic a te s
th a t  i t  i s  an energy re q u ir in g  p ro cess  to  m ain ta in  th e  reduced th io l  
s t a t e ,  i t  has been p o s tu la te d  th a t  perhaps 3. b iochem ical d is tu rb a n c e  
e x i s t s  in  RA th a t  ad v erse ly  a f f e c t s  th e  e q u ilib riu m  making i t  s h i f t1
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sp on taneously  to  S-S fo rm ation , which could account fo r  th e  fo rm ation  
of th e  m acrog lobulins l ik e  RF [409]. S ince even a n t ip h lo g is t ic  d rugs 
a c c e le r a te  SH-S-S exchange re a c tio n  and even in  the  absence o f d rugs 
serum th io l s  can n o rm alise  i f  d is e a se  a c t i v i t y  d ism in ish es  [404], b u t 
on ly  su lp h y d ra te  d rugs s p e c i f i c a l ly  a l t e r  th e  d is e a se  course  and only  
th ey  a re  t r u l y  im m unoregulatory, i t  su g g es ts  th a t  su lp h y d ra te  drugs 
have t h e i r  s p e c i f ic  a c tio n  n o t on serum th io l s  b u t p o s s ib ly  su rfa c e  SH 
groups on c e l l s  a s so c ia te d  w ith  ch ro n ic  inflam m ation, namely
lym phocytes, monocytes [404] and n e u tro p h ils .
The fo llo w in g  i s  a review  o f th e  im portance o f f r e e  SH groups fo r
monocyte and n e u tro p h il fu n c tio n  re le v a n t  to  RA: *
I t  has been found th a t  PBMNC from RA-NSAID show d e fe c t iv e  PWM 
s tim u la te d  IgG p ro d u c tio n  which can be norm alised  by 2-ME tre a tm e n t, 
b u t p a t ie n ts  on D-PEN show normal IgG p ro d u c tio n  and 2-ME does n o t 
enhance th i s  e f f e c t  [289]. I t  has been shown th a t  monocytes re q u ire  
f r e e  c e l l  su rfa c e  SH groups fo r  t h e i r  a ccesso ry  fu n c tio n  in  th e  immune 
response  and th a t  t h i s  i s  im paired in  RA due to  SH o x id a tio n . The same 
au th o rs  found f r e e  c e l l  su rfa c e  SH groups on lymphocytes were a lso
n ecessa ry  fo r  op tim al IgG p ro d u c tio n , however th e  a b i l i t y  o f
lymphocytes to  recogn ize  a n tig e n s  o r m itogens p re sen ted  by monocytes 
to  them i s  n o t th io l-d ep e n d e n t [289]. F u r th e r  su p p o rt fo r  th e  concept
o f th e  im portance o f f r e e  c e l l  su rfa ce  SH groups in  c e l l  fu n c tio n
comes from s tu d ie s  showing 2-ME enhances PHA s tim u la te d  PMNC
p r o l i f e r a t io n  of RA c e l l s  [86 ] .  In  t ry in g  to  d e l in e a te  monocytic
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fu n c tio n s  t h a t  a re  dependent on SH groups re le v a n t  to  t h e i r  accesso ry  
fu n c tio n , i t  has been found th a t  an tig en  p re s e n ta t io n , calcium  
m o b iliz a tio n  and a l t e r e d  am inoacid le v e ls  a re  n o t th io l-d ep e n d e n t 
mechanisms, by u s in g  PHMPSA [86 ] ,  however in  c o n tr a s t  to  t h i s  work 
CuSO^ + D-PEN, known to  produce does in h ib i t  c lu s t e r  fo rm ation
when c e l l s  a re  s tim u la te d  by PWM or PHA [421 ,422], perhaps r e f le c t in g  
th e  d i f f e r e n t  mechanisms o f a c tio n  o f PHMPSA and HgOg. more re c e n t 
work in  our la b o ra to ry , PHMPSA has been shown to  a f f e c t  membrane 
f l u i d i t y  and calcium  m o b iliz a tio n  (N. H a ll, p e rso n a l com m unication).
According to  H e w le tt 's  h y p o th esis  (p e rso n a l com m unication), 
macrophages a c t iv a te  albumin (promaSF) to  m ercaptalbum in (maSF), which 
i s  then  an e s s e n t i a l  serum f a c to r  fo r  lymphocyte a c t iv a t io n ,  i t  can be 
seen th a t  reduced macrophage membrane SH groups o r reduced le v e ls  o f 
sm all m o lecu lar w eight su lp h y d ra te  p ro d u c ts  from them could  in h ib i t  
maSF fo rm ation  and th u s  c o n tr ib u te  to  a b n o rm a litie s  in  th e  immune 
response  in  RA d is e a s e .  However t h i s  th e o ry  i s  u n lik e ly  in  view o f th e  
o b serv a tio n  t h a t ,  a lth o u g h  albumin i s  e s s e n t ia l  fo r  lymphocyte grow th 
in  c u ltu re  [289] and an immune resp o n se , p o sse ss io n  of f r e e  serum SH 
groups on album in i s  n o t n ece ssa ry  [289].
The r o le  o f s u r fa c e  SH groups in  m onocy te /neu troph il o x id a tiv e  
m etabolism  i s  ex trem ely  c o n tro v e rs ia l .  Some au th o rs  claim  th a t  PHMPSA 
has no e f f e c t  on any n e u tro p h il  fu n c tio n  [423], whereas o th e rs  suggest 
th a t  w h ils t  PHMPSA has no e f f e c t  on p ro d u c tio n , i t  does in h ib i t
^2^2 Pro^uct ^ on [427 ,428 ], su g g es tin g  an SH-dependent pathway fo r
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p ro d u c tio n  fo llow ing  some s t im u li  and th e  two pathways being
independent, in  agreem ent w ith  an o th er au th o r [425]. In t h i s  l a t t e r
work in c reased  background b u t n o t 0 ^ p ro d u c tio n  in  RA was found,
•  _
su g g es tin g  perhaps an SH-dependent pathway fo r  p ro d u c tio n
independent o f p ro d u c tio n  [425 ,426], and su g g es tin g  th a t  an ^
p ro d u c tio n  pathway i s  p r e f e r e n t i a l ly  a c t iv a te d  in  RA. A lte rn a tiv e ly
one could argue th a t  th e  in c reased  ^2^2 Pr °duck i° n r e f le c te d  an
S-S-dependent pathway; ev idence fo r  t h i s  h y p o th esis  comes from the
o b se rv a tio n  o f ra is e d  spontaneous ROS p ro d u c tio n  by monocytes
[8 6 ,2 8 9 ], and n e u tro p h ils  [99] from RA-NSAID, su g g es tin g  th a t  su rfa ce
SH a u to -o x id a tio n  r a i s e s  ROS o u tp u t and th a t  S-S a re  im portan t in  ROS
p ro d u c tio n . However, 2-ME tre a tm e n t does n o t in h ib i t  spontaneous
♦  —
p ro d u c tio n  [8 6 ]. In  agreem ent w ith  th e  SH-dependent proposed
pathway, i t  has been shown th a t  su lh y d ra te  d rugs lead  to  an in c reased
♦  —
r a t e  of monocyte 0 ^ p ro d u c tio n  a f t e r  immunological s t im u la tio n  (b u t
n o t u n stim u la ted  o r b io ch em ica lly  s tim u la te d  [425 ,426]) perhaps by
a f fe c t in g  FCR re c e p to rs  known to  co n ta in  SH groups [389]. F u rth e r
evidence to  support th e  SH dependence o f RDS p roduction  i s  th e  f in d in g
♦  —
th a t  PHMPSA in h ib i t s  re c e p to r -s t im u la te d  monocyte [86] and .
[99] p ro d u c tio n , and n e u tro p h il  p ro d u c tio n  [9 9 ,4 2 7 ,4 2 8 ], and i s
s u b s ta n tia te d  by o th e r  work showing SH compounds in c re a se  subsequent 
re c e p to r -s t im u la te d  re le a s e  [419]. These re p o r ts  sug g est th a t  bo th  
H2O2 and O2 pathways may be -SH dependent. The f a c t  th a t
p ro d u c tio n  from n e u tro p h ils  appears n o t to  be in h ib i te d  by PHMPSA
[427 ,428], b u t i s  from m onocytes, su g g est th a t  perhaps d i f f e r e n t
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pathways a re  used by th e  two c e l l s .  However, p a ra d o x ic a lly , 2-ME
tre a tm e n t o f RA NSAID monocytes does n o t r a i s e  background and
stim u la te d  p ro d u c tio n , and RA D-PEN background and s tim u la te d
^2^2 ProG*u c t^on were found n o t to  be s ig n i f i c a n t ly  d i f f e r e n t  to  th a t
from RA NSAID [8 6 ]. These f in d in g s  su g g est ROS p ro d u c tio n  i s
independent o f su rfa c e  SH o x id a tio n , which i s  very  s tra n g e  in  the
l ig h t  o f s u b s ta n t ia l  ev idence from in  vivo  and in  v i t r o  s tu d ie s
su g g es tin g  a n t i -o x id a n ts  and f r e e  r a d ic a l  t r a p s  a re  an tin flam m atory ,
and p ro te c t  n e u tro p h ils  and monocytes from a u to -o x id a tio n . The
c o n f l ic t in g  d a ta  could  be in te rp re te d  as  PHMPSA in h ib i t in g  o x id a tiv e
metabolism  v ia  b lockade of SH groups through i t s  Hg m oiety , w h ils t
rheum atoid c e l l  su rfa c e  o x id a tio n  in v ivo  i s  th e  r e s u l t  o f d isu lp h id e
form ation  w ith  c y s te in e  m olecules [416]. A lso, i t  i s  p o s s ib le  th a t  Hg
»
may re a c t  w ith  SH groups involved in  o x id a tiv e  m etabolism  th a t  a re  
in a c c e s s ib le  to  c y s te in e .
W hilst membrane p e n e tr a t in g  SH group in h ib i to r s  (which in h ib i t  
e x t r a  and in t r a - c e l l u l a r  t h io l s ,  e .g .  m ercuric  c h lo r id e  and NEM) have 
been shown to  in h ib i t  n e u tro p h il  ad h esiv en ess , m o t i l i ty ,  phag o cy to sis  
and 0^  p roduction  [423 ,428 ,429]. Surface  SH group b lo c k e rs  in h ib i t  
th e  hexose monophosphate shun t [427].
I t  i s  p o s s ib le  th a t  d u rin g  p e rio d s  of o x id a tiv e  s t r e s s ,  where 
enhanced phagocy tic  a c t i v i t y  i s  c re a t in g  la rg e  amounts of ROS, as  in  
RA, th e  n e u tro p h ils ,  monocytes and macrophages would be prone to  
in h ib i t io n .  T his a u to -o x id a tio n  i s  p robab ly  a p h y s io lo g ic a lly  re le v a n t
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p ro cess  to  l im i t  th e  n e u tro p h il  e tc .  response  to  a p a r t i c u la r  
s tim u lu s . In  view o f th e  reduced i n t r a -  and e x t r a - c e l lu l a r  SH le v e ls  
in  RA (known to  be ROS sca v e n g e rs ) , and d ep ressed  ROS scavenging 
enzymes, one might expect ROS p ro d u c tio n  to  be a s e l f - l im i t in g  
p ro c e ss , b u t th e  ra p id  re p le t io n  and s h o r t  h a l f - l i f e  o f n e u tro p h ils  
means t h a t  th e re  i s  a c o n s ta n t sou rce  o f p o te n t i a l ly  damaging c e l l s ,  
which i s  why in  v i t r o  s tu d ie s  f r e q u e n tly  show RA n e u tro p h ils  producing  
excess ROS when bo th  u n s tim u la ted  and s tim u la te d . The le s s  ra p id  
r e p le t io n  and longer h a l f - l i f e  o f monocytes and lymphocytes mean th a t
th e  form er may become le s s  im portan t than n e u tro p h ils  in  th e
!
inflam m atory re a c t io n ,  due to  a u to -o x id a tio n , and th a t  th e  l a t t e r  w il l  
remain in  th e  c i r c u la t io n  b u t b locked fo r  a  co n s id e ra b le  tim e, 
p o s s ib ly  r e s u l t in g  in  th e  immune d y s fu n c tio n  seen . I t  i s  p o s s ib le  th a t  
enhanced background P roduction  in  RA monocytes causes th e  reduced
IgG sy n th e s is  from, o r p r o l i f e r a t i v e  response  o f , PBMNC observed in  in  
v i t r o  a ssay s . However, some a u th o rs  f in d  th a t  th e  a d d itio n  o f c a ta la s e  
does n o t improve th e  re sp o n se , su g g es tin g  th a t  t h i s  i s  n o t th e  
mechanism involved [86 ]; in  c o n tr a s t  o th e rs  have found c a ta la s e  does 
in c re a se  RA-NSAID lymphocyte p r o l i f e r a t i o n  compared to  norm als (Panayi 
G. S . ,  p e rso n a l commun ic a t  io n ) .
♦ __
N eith er nor 0^  a re  a b le  to  re v e rse  PHMPSA blocked IgG
♦  _
responses in  norm als, b u t ^2^2 ^2  were s^own to  in h ib i t  mitogen
s tim u la te d  Ig  sy n th e s is  [86 ], The d isc rep an cy  between one a u th o r 's  
f in d in g  of no s ig n i f ic a n t  d i f f e r e n c e s  in  ^2®2 P roduction  from
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u n stim u la ted  and FMLP s tim u la te d  monocytes from RA NSAID, compared to
RA D-PEN [86] compared to  an o th er a u th o r 's  f in d in g  th a t
♦ _
im m unologically s tim u la te d  monocytes from RA D-PEN produced more 0^  
than  RA NSAID or norm als [425 ,426], could be exp la in ed  in  term s of th e  
d i f f e r e n t  s t im u li  used , s in c e  FMLP a c ts  th rough  re c e p to rs  which a re  
p robab ly  n o t a f fe c te d  by su lp h y d ra te  tre a tm e n t, b u t HAGG a c ts  through 
SH c o n ta in in g  Fc re c e p to rs . Another p o s s i b i l i t y  i s  th a t  th e re  may have 
been d is e a se  a c t i v i t y  d if f e r e n c e s  in  th e  RA p o p u la tio n  used . ’
One would imagine th a t  i f  su lp h y d ra te  tre a tm en t d id  enhance 
o x id a tiv e  m etabolism , then  th e  inflam m atory s i tu a t io n  would worsen, 
b u t th e  f a c t  th a t  i t  does no t -  and in  f a c t  an a m e lio ra tio n  occurs  -  
su g g es ts  th a t  they  probab ly  do n o t fu n c tio n  in  t h i s  way in  v ivo .
I t  has been shown u sin g  n e u tro p h ils  th a t  NADPH' ox idase  i s  
dependent on f r e e  SH groups fo r  i t s  a c tio n  [429b], and s in c e  i t  i s  a 
membrane a sso c ia te d  m olecule th i s  could e x p la in  th e  a u to -o x id a tio n  
phenomena th a t  occur.
Perhaps th e  i n a b i l i t y  o f 2-ME to  in c re a se  background monocyte
H2O2 o u tp u t in  v i t r o  [8 6 ], b u t th e  o p p o s ite  f in d in g  from monocytes of
RA-D-PEN compared to  norm als [86] and th e  f in d in g  th a t  t h io l  compounds
•  —
incxease n e u tro p h il 0^  p roduction  in  v i t r o  [419], su g g est th a t  
d i f f e r e n t  SH compounds may have v a ry in g  a f f i n i t i e s  tow ards membrane SH 
groups, and so a ffo rd  d i f f e r e n t  le v e ls  of a u to -o x id a tio n  p ro te c t io n .
There has been an in t e r e s t  in th e  ro le  o f s e r in e  p ro te a se s
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( e s te r a s e s )  on n e u tro p h il  and mononuclear phagocy tic  fu n c tio n  and
u s in g  p o te n t in h ib i to r s  and s y n th e t ic  s u b s t r a te s  o f them, s e v e ra l
♦  _
s tu d ie s  have shown p ro te a se  a c t i v i t y  to  be e s s e n t ia l  fo r  
p ro d u c tio n  [430]. I t  has been suggested  th a t  th e  p ro te a se  involved  in  
□2 * p roduction  i s  a chym otrypsin o r t r y p s in - l ik e  SH -contain ing  
m olecule s in c e  th e  in h ib i to r s  used a re  known p o te n t SH group
t
in h ib i to r s  [430]; t h i s  i s  fu r th e r  s u b s ta n tia te d  by th e  f a c t  th a t  GSH 
p re v e n ts  t h i s  in h ib i t io n  [424].
I t  has been hypo thesised  th a t  th e  h y p e ra c t iv i ty  o f th e  
inflam m atory and immune response  in  RA could be ex p la in ed  by 
su g g es tin g  th a t  macrophage-lymphocyte in te r a c t io n s  i n i t i a t e d  by an 
unknown an tig en  could be locked to g e th e r  in  th e  o x id a tiv e  c o n d itio n s  
in  th e  synovium by S-S bonds causing  fu r th e r  ROS p ro d u c tio n  w ith  
r e s u l ta n t  u n c o n tro lle d  inflam m ation and t i s s u e  d e s tru c t io n  and th a t  
D-PEN trea tm en t has an a m e lio ra tin g  e f f e c t  by a c t in g  as a  reducing  
agen t to  in h ib i t  th i s  p ro cess  [289].
Because n o t a l l  th e  r e a c tio n s  w ith  PHMPSA mimic those  w ith  ^2^2 
(because o f t h e i r  d i f f e r e n t  mechanisms o f a c tio n  and th e  f a c t  th a t  
scavenging enzymes d e s tro y  HgOg), a ttem p ts  have been made to  f in d  a 
re v e r s ib le  SH b lo ck in g  agen t th a t  more c lo s e ly  mimics th e  e f f e c t  o f 
H2O2 ; however none was found, so PHMPSA rem ains th e  agen t o f cho ice 
[8 6 ]. The most prom ising^of th e  re a g en ts  to  d a te  i s  0 -p h e n a n th ro lin e  
cu p ric  iro n  complex, an impermeant SH o x id is in g  ag en t. However 2-ME 
only  p a r t i a l l y  re v e rse  i t s  e f f e c t ,  whereas 2-ME can com pletely  re v e rse
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th e  e f f e c t  o f ROS [430b].
In  serum or SF, where an e q u ilib riu m  e x is t s  between albumin and 
low m olecu lar w eight th io l s  (u s u a lly  c y s te in e , b u t sometimes GSH) 
producing  mixed d isu lp h id e  form ation  [416], i t  i s  p o s s ib le  to  envisage 
th a t  th e  e q u ilib riu m  could extend to  c e l l  membrane th io l s .  I t  would 
seem reaso n ab le , th e re fo re ,  to  suppose th a t  w hatever o x id ise s  serum 
t h i o l  groups could a lso  o x id ise  c e l l  su rfa c e  t h i o l s ,  and i f  perm eable, 
i n t r a c e l l u l a r  th io l s  to o . ROS 1^0^ , OH and ) f u l f i l l  a l l
th e se  req u irem en ts . The p o s s ib i l i t y  th a t  t h i s  proposed SH-S-S 
eq u ilib riu m  e x is t s  i s  s u b s ta n tia te d  by th e  f in d in g  th a t  e ry th ro c y te  
c e l l  su rfa c e  th io l s  a re  low in  RA and c o r r e la te  w ith  low serum th io l  
le v e ls  [431], and by th e  f in d in g  of an a s s o c ia tio n  in  norm als between 
f r e e  SH goups on PBMNC and serum SH le v e ls  [289]. T h ere fo re  serum 
th io l s  a re  an in d i r e c t  assessm ent o f th e  SH s ta tu s  o f c e l l  membranes 
and s in c e  th e  methodology fo r  t h e i r  measurement i s  q u ick e r and 
s im p le r and re q u ire s  le s s  b lood, a n a ly s is  o f serum th io l s  was c a r r ie d  
ou t in  t h i s  p ro je c t .
SH d ep ress io n  could lead  to  abnormal p ro te in  c o n f ig u ra tio n , e .g .  
ag g reg a tio n  o f IgG which could serv e  as an a n tig e n ic  s tim u lu s  fo r  an 
autoimmune phenomenon r e s u l t in g  in  RF p ro d u c tio n . D ep letion  o f SH 
groups in  th e  lo c a l environm ent o f immunocompetent c e l l s ,  e .g .  SH, 
could a l t e r  o r d is tu rb  th e  normal fu n c tio n  o f lymphocytes re s id in g
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th e re . Reduced serum th io l s  could d e p re ss  membrane th io l s ,  which could 
reduce plasm a and lysosom al membrane p e rm e a b ility  causing  re le a s e  of 
i n t r a c e l lu l a r  c o n s t i tu e n ts ,  e .g .  lysosom al enzymes -  which could 
i n i t i a t e  t i s s u e  damage and c o llag en  r e le a s e  - ,  e .g .  DNA -  which along  
w ith  co llag en  could a c t  as a n tig e n s  fo r  au to an tib o d y  p ro d u c tio n  -  
D epressed t h io l s  could reduce th e  a c t i v i t y  o f enzymes involved in  
m ain ta in in g  a normal inflam m atory and immune s t a tu s  and a c t iv a te  
o th e rs , e .g .  n e u tr a l  c o lla g e n a se s , p e rp e tu a tin g  inflam m ation. 
D ecreased th io l s  could  in h ib i t  th io l-d e p e n d e n t re c e p to rs  and perhaps 
s tim u la te  S -S -lin k ed  re c e p to r s .
r
Thus on th e o r e t ic a l  grounds SH d e p le tio n  appears  a  p la u s ib le  
f a c to r  in  bo th  th e  in d u c tio n  and p a th o g en es is  o f RA (c a u s in g  B c e l l  
h y p e ra c t iv i ty , d e fe c t iv e  T c e l l  m ediated immunity and unchecked 
in flam m ation). One could env isage  th e  fo llo w in g  in te r a c t io n s  between 
serum SH, membrane SH, d is e a s e  and mode of a c tio n  o f su lp h y ra te  d rugs 
( th e  scheme i s  shown fo r  b lood , b u t i s  e q u a lly  a p p lic a b le  to  o th e r 
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The in tro d u c tio n  would n o t be com plete w ithou t a b r i e f  summary of 
o th e r  d is e a s e  s t a t e s  used fo r  com parative purposes in  t h i s  p r o je c t .  
AS/PSA a re  two o f th e  s p o n d a r th r i t id e s  which a re  inflam m atory 
c o n d itio n s  w ith  very  s l i g h t  o r no d is tu rb a n c e s  in  th e  immune system  
(b u t where p re se n t th ey  c o n tr ib u te  a t  l e a s t  in  p a r t  to  th e  d is e a s e  
pa th o g en esis  by t r a n s la t in g  th e  a e t io lo g ic a l  t r i g g e r ( s )  in to  d is e a s e  
m a n ife s ta tio n s ) , th u s  AS/PSA p a t ie n t s  were used as “ a r t h r i t i c  
inflam m atory con tro ls** .
ANKYLOSING SPONDYLITIS (A S)
AS i s  d e fin ed  as  a  ch ro n ic  d is o rd e r  o f th e  sp in e  and th e  
s a c r o - i l i a c  j o i n t s ,  o fte n  w ith  sym m etrical involvem ent in  which 
inflam m atory le s io n s  a re  a s so c ia te d  w ith  p ro g re s s iv e  s t i f f e n in g  o f th e  
sp in e  and ra d io lo g ic a l  c a lc i f i c a t io n  of s p in a l  ligam ents lead in g  to  a 
c h a r a c te r i s t i c  “b en t posture**. I t  i s  more common in  males 
(m ales:fem ales 5 :1 ) and i t s  a e tio p a th o g e n e s is  i s  p robab ly  a 
com bination o f g e n e tic  (b e in g  h ig h ly  a sso c ia te d  w ith  HLA B27, p re se n t 
in  > 95% p a t ie n ts )  and env ironm enta l f a c to r s  ( e .g .  traum a, an d /o r 
in fe c t io u s  ag en ts  l ik e  k l e b s i e l l a ) .  There i s  o f te n  a p resence  o f 
M H C -I-restric ted  auto-Ab p ro d u c tio n  to  c a r t i l a g e  p ep tid o g ly can . 
P e r ip h e ra l  j o i n t  involvem ent i s  a ls o  sometimes p re se n t (sh o u ld e rs , 
h ip s , knees), b u t, u n lik e  RA, i t  i s  n o n -d e s tru c tiv e , th u s  i t  does no t 
p re s e n t w ith  r a d io lo g ic a l  changes as in  RA. SF changes a re  
“n o n -sp e c if ic  inflammatory** and s im ila r  to  RA. There can be
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m u sco lo -sk e le ta l and n o n -m u sco lo -sk e le ta l involvem ent; d e s p i te  tlie  
tendency fo r  a  d e fe c t iv e  CON-A-induced su p p ressio n  of T c e l l  re sp o n ses  
to  be a sso c ia te d  w ith  HLA B27 ( in  JRA+, [2 6 8 ]), no ev idence of a 
d e fe c t  has ever been no ted  in  AS, and, i f  any th ing , they  a re  as good 
o r b e t t e r  than  norm als [266], they  a lso  show normal IL -2 p roduction
and normal AMLR. Thus th ey  can serv e  as  a  s u i ta b le  d is e a s e  c o n tro l
group fo r  th e  CON-A induced su p p resso r c e l l  a ssay , they  a lso  show
normal serum SH le v e ls  [409], th u s  a re  a good c o n tro l  group fo r  t h i s
assay  to o .
PSORIATIC ARTHRITIS (PSA )
PSA i s  d e fin ed  as  th e  a s s o c ia t io n  o f p s o r ia s i s  w ith  inflam m atory 
a r t h r i t i s ,  u s u a lly  in  th e  absence of RF, The p s o r ia s i s  can involve 
derm al an d /o r n a i l  d ystrophy . The a sso c ia te d  a r t h r i t i s  can be 
p e r ip h e ra l  (b u t u n lik e  RA o fte n  on ly  mono- o r o l i g o - a r t i c u l a r ) , an d /o r 
a x ia l  ( s p o n d y l i t is  as in  AS). When RA i s  p re s e n t, i t  u s u a lly  means 
th a t  i t  i s  n o t PSA, b u t RA w ith  p s o r i a s i s .  PSA shows an equal sex  
r a t io  and i s  p robab ly  m ediated by m u l t i f a c to r i a l  in h e r i ta n c e , w ith  a 
g e n e tic  in flu en ce  (s in c e  i t  runs in  f a m ilie s  and has c e r ta in  HLA 
a s s o c ia t io n s )  and environm ental in f lu e n c e s  ( e .g .  traum a an d /o r 
in f e c t io n ) .
In  bo th  AS and PSA, c o -d is e a se s  in c lu d e  ch ro n ic  inflam m atory 
bowel d is o rd e rs  ( e .g .  u lc e r a t iv e  c o l i t i s )  g e n ito u r in a ry  t r a c t  
in fe c t io n s ,  c a rd ia c  conduction d e fe c ts  and o ccu la r inflam m ation
t
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(u s u a l ly  i r i t i s ) .  The ESR i s  o f te n  ra is e d  and bo th  groups a re  t r e a te d  
w ith  to p ic a l  s te r o id s  fo r  eye involvem ent and NSAID to  reduce
inflam m ation. For sev e re  p e r ip h e ra l  a r t h r i t i s  in  PSA, su lp h y d ra te
d rugs a re  sometimes used . The o u tlook  fo r  bo th  d is e a s e s  i s  however f a r  
b e t t e r  than  fo r  RA, p robab ly  due to  th e  le s s e r  immune system
a b e r ra t io n .
SYSTEMIC LUPUS ERYTHEMATOSUS (S L E )
SLE i s  a t ru e  co n n ec tive  t i s s u e  d is e a s e  ( s o -c a l le d  “ c o llag en  
d is e a s e ” ) . As i t s  name im p lie s , i t  i s  a d is o rd e r  c h a ra c te r iz e d  by 
m ultisystem  involvem ent (most organs and th e  m u s c u lo -a r tic u la r  
sy stem ), and u s u a lly  p re s e n ts  w ith  a com bination o f th e  fo llo w in g  
s ig n s : a r t h r i t i s ,  ra sh , p le u r is y ,  n e p h r i t i s ,  n e u ro lo g ic a l d is e a s e , 
unexplained  fe v e r and w eight lo s s .  Like RA, i t  i s  a d is e a s e  o f 
u n c o n tro lle d  inflam m atory p ro c e sse s  and h y p e ra c t iv i ty  o f B c e l l  
responses and d e fe c tiv e  T c e ll-m e d ia te d  immunity, p robab ly  due to
im m uno-dysregulation, which i s  p robab ly  more a b e r ra n t than  in  RA, 
r e s u l t in g  in  a more s e r io u s  c o n d itio n . The m u ltisystem  involvem ent 
seems to  be m ediated by ICs.
Like RA, i t  i s  an autoimmune d is e a s e , as evidenced by th e  
p resence  o f s e v e ra l  auto-Ab (anti-dsDNA, anti-ssDNA, anti-dsRNA, 
a n t i -c o lla g e n , RF, anti-R O , anti-SM . anti-RNP, a n ti-L a , anti-C D 8, 
a n t i - e ry th ro c y te  membrane, a n ti-n e u ro n a l and a n ti-c a rd - io l ip in  Abs). 
The anti-dsDNA Ab i s  though t to  c ro s s - r e a c t  w ith  g lycosoam ines,
I
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a n t i - c a r d io l ip in  Ab p re d isp o se s  to  throm bosis and m isc a rr ia g e s . The 
anti-CD8 Ab probab ly  c r o s s - r e a c ts  w ith  b ra in  and t ro p h o b la s t ic  c e l l s ,  
le ad in g  to  c e re b ra l  damage and spontaneous a b o r tio n s . The 
a n t i - e ry th ro c y te  membrane Ab lead s  to  reduced C 1 re c e p to r  le v e ls  ( e .g .  
C3b), p rev en tin g  IC removal and th e  a c t iv a t io n  o f th e  C 1 cascade, th e  
use o f C 1 in  ICs le ad in g  to  c '  d e p le t io n .
A lthough th e  a e tio lo g y  i s  n o t known, i t  seems to  be th e  r e s u l t  o f 
a com bination o f g e n e tic  (a s so c ia te d  w ith  HLA-A1, B8, DR3),
in fe c t io u s ,  autoimmune, environm ental f a c to r s  (p o s s ib ly  d rug -induced , 
e .g . D-PEN), and even hormonal s t a tu s  (su g g ested  by th e  fem ale 
predom inance). I t  may be th a t  A b's made a g a in s t  v i r a l  o r b a c te r ia l  
p o ly n u c le o tid e s  in  th e  course  o f a normal immune resp o n se , d e s tin e d  to  
e lim in a te  th e  m ic ro b ia l Ag, u n fo r tu n a te ly  c ro s s - re a c te d  w ith  many h o s t 
c e l l u l a r  components form ing IC s. The ICs cause C* cascade a c t iv a t io n  
o f b o th  c l a s s i c a l  and a l t e r n a t iv e  p a th s , and d e p o s it io n  o f ICs 
(c o n ta in in g  C* Ag and Ab) in  t i s s u e s ,  r e s u l t in g  in  inflam m atory and 
immune re a c tio n s  in ju r io u s  to  th e  h o s t 's  c e l l s ,  o f te n  in  th e  kidney 
( n e p h r i t i s )  or sk in  ( f a c i a l  ra sh  o r a lo p le c ia l  v a s c u l i t i s ) ;  
a l t e r n a t iv e ly  th e re  could  be a p e r s i s t e n t  and s e l f - p e r p e tu a t in g  Ag 
lead in g  to  c o n sta n t e le v a tio n  o f IC s. As in  RA, th e  a r t h r i t i s  i s  
sym m etrical, b u t u n lik e  RA, i t  i s  le s s  sev e re  in  term s o f d e fo rm itie s , 
and i s  n o n -e ro s iv e . There i s  o fte n  v a sc u la r  involvem ent, p robab ly  th e  
r e s u l t  o f in c reased  phagocy tic  a c t i v i t y  due to  IC s t im u la tio n , lead in g
t
to  lysosom al enzyme re le a s e  and ROS fo rm ation , s in c e  ra is e d  background
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le v e ls  have been shown to  c o r r e la te  w ith  f a c to r  V III Rag le v e ls ,  
th e  l a t t e r  be in g  an in d ic a to r  of m icro v ascu la r damage [432]. The 
v a sc u la r  involvem ent can lead  to  Raynaud's phenomenum and a t  th e  
extrem e, d i g i t a l  gangrene. SLE i s  more common in  negros than in
C aucasians, and u s u a lly  p re s e n ts  i t s e l f  a t  an age o f < 4 0 . I f  th e re  i s
on ly  sk in  and j o i n t  involvem ent, th e  p ro g n o sis  i s  good; b u t i s  poor
when re n a l o r c e re b ra l  involvem ent occur (when e a r ly  d e a th  i s  l ik e ly ) .  
The p ro g n o sis  i s  worse than  in  RA, p robab ly  due to  th e  more sev e re  
inflam m atory and immune re g u la to ry  a b n o rm a litie s .
T reatm ent in v o lv es  sun cream b a r r i e r s  to  avoid  p h o to s e n s i t iv i ty ,  
NSAID fo r  th e  a r t h r i t i s ,  hydroxychloroquine fo r  th e  system ic
involvem ent an d /o r low dose s te r o id s .  In  re n a l lupus h igh  dose 
s te r o id s  o r c y to to x ic  d rugs a re  employed.
SLE re p re se n ts  th e  paradigm  of an autoimmune d is e a s e  known to  be 
a sso c ia te d  w ith  g ro ss  and v a rie d  immunological a b n o rm a litie s , and 
e s p e c ia l ly  w ith  d e fe c tiv e  number and fu n c tio n  o f su p p resso r c e l l s .  
There i s  evidence in  th e  l i t e r a t u r e  fo r  d e fe c t iv e  Ag n o n -s p e c if ic  
su p p resso r a c t i v i t y  in  th e  form of CON-A induced su p p ress io n  o f T and 
B c e l l  responses [433 ,434], d e fe c t iv e  spontaneous SLSA a c t i v i t y  [439] 
and d e fe c tiv e  A g -sp ec if ic  su p p resso r a c t i v i t y  r e la te d  to  immurie 
responses to  DNA [435] o r ovalbumin [436]. On th e  o th e r  hand, SLE 
invo lves d e fe c t iv e  IL -2 p ro d u c tio n , p o s s ib ly  as  th e  r e s u l t  o f an 
excess number o r potency  o r in c reased  ^ ^ 2  s e n s i t i v i t y  of 
r a d io s e n s i t iv e  T8 and non-T spontaneous su p p resso r c e l l s ,  s in ce
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rem oval o f spontaneous su p p resso r c e l l s  c o r r e c ts  IL-2 p ro d uction  
[4 3 5 b ]. The d e fe c tiv e  IL -2 p roduction  could a lso  account fo r  d e fe c t iv e  
AMLR and d e fe c t iv e  p r o l i f e r a t i v e  re sp o n ses , s in c e  exogenous IL-2
n o rm a lise s  bo th  [4 3 5 c ]. SLE may a lso  invo lve  excess spontaneous
ad h eren t su p p resso r c e l l s  which a re  p robab ly  m acrophages. The
d e fe c t iv e  CON-A induced su p p resso r c e l l  a c t i v i t y  has been shown in  
some case s  to  be due to  th e  p resence  o f a n ti-T 8  Ab, and in  o th e rs  by 
excess spon taneously  a c t iv e  n a tu r a l ly  o c cu rrin g  su p p resso r c e l l s .  I t  
i s  a lso  p o s s ib le  th a t  th e  d e fe c t could be due to  v i r a l  a b la t io n  o f
su p p resso r c e l l s  o r th a t  B c e l l  h y p e ra c tiv i ty  r e s u l t s  from t h e i r
d i r e c t  a c t iv a t io n  by v iru s e s .  O ther s tu d ie s  have suggested  d e fe c tiv e  
su p p re sso r a c iv i ty  may be an a r t i f a c t  caused by d i lu t io n  o f norm ally  
fu n c tio n in g  Tg by excess non-suppresso r c e l l s  [437]. S t i l l  o th e rs  have 
shown no d e fe c tiv e  su p p resso r a c t i v i t y  b u t d e fe c tiv e  h e lp e r a c t i v i t y  
[436b], in  c o n tr a s t ,  o th e rs  have shown h y p e ra c tiv e  Tpj a c t i v i t y  in  AMLR 
[435c]. D efic iency  in  su p p resso r T c e l l  fu n c tio n  has been shown to  
p re d isp o se  c e r ta in  in d iv id u a ls  to  develop SLE, and d u rin g  ex ace rb a tio n  
o f d is e a s e  a c t i v i t y ,  f u r th e r  d ep re ss io n  o f in d u c ib le  T -su p p resso r 
a c t i v i t y  has been re p o rte d . Because o f th e  d e fe c t iv e  su p p resso r
a c t i v i t y  in  SLE, such p a t ie n ts  were used as “ p o s i t iv e  co n tro ls* ' in  
su p p re sso r assays c a r r ie d  ou t in  th i s  p r o je c t .  As in RA, su p p resso r 
a c t i v i t y  norm alizes in  in a c t iv e  d is e a s e . Like RA, SLE i s  a
heterogeneous d is e a s e , in c lu d in g  sub types w ith  d i f f e r e n t  d is e a se
co u rses  and prognoses.
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CHAPTER 1 * 2  AIMS OF THE PROJECT
In  th e  l ig h t  o f p rev io u s  work in  our la b o ra to ry , showing th e  
im portance o f c e l l  su rfa c e  SH groups on subsequent c e l l  fu n c tio n , we 
w ished to  in v e s t ig a te  what f u r th e r  a sp e c ts  o f im m unoregulation a re  
m ediated by c e l l  su rfa c e  SH groups in  normal h e a lth y  c o n tro ls ,  and 
then  to  t r y  and r e l a t e  t h i s  to  d e fe c t iv e  im m unoregulation as  seen in  
RA NSAID, which appears to  be improved by su lp h y d ra te  drug tre a tm e n t.
The p re s e n t s tu d y  was m otivated  by fo u r r a t io n a le s :  1] the
und ispu ted  re c o g n itio n  in  anim al and human system s th a t  immune 
resp o n ses  a re  c o n tro lle d  by a complex in te r a c t io n  o f im m unoregulatory 
c e l l s ,  and th e i r  Ag- and n o n -A g -sp ec ific  so lu b le  f a c to r s  capab le  of 
e i th e r  su p p ress in g  or h e lp in g  bo th  humoral and c e l l  m ediated immune
resp o n ses  [438 ,439]; 2] th e  knowledge th a t  d is tu rb a n c e s  in  number,
(
fu n c tio n , or bo th  in  such c e l l s  can be a sso c ia te d  w ith  immunological 
d is e a s e s ,  and th a t  autoimmune d is e a s e s  c h a ra c te r is e d  by immunological 
h y p e ra c tiv i ty  u su a lly  a t  th e  le v e l  o f th e  B c e l l s ,  a re  f re q u e n tly  
a s so c ia te d  w ith  decreased  su p p resso r c e l l  a c t i v i t y  [440]; 3] the
in c reased  o x id a tiv e  m etabolism  observed in  RA [100,100b]; 4] th e  
decreased  serum and membrane SH le v e ls  in  RA [409].
D esp ite  experim ents showing the  in h ib i to r y  a c tio n  o f on the
CON-A induced su p p resso r assay  [441], th e  g re a te r  s e n s i t i v i t y  o f T8
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c e l l s  compared to  T4, monocytes, n e u tro p h ils ,  e ry th ro c y te s  and B c e l l s  
to  th e  in ju r io u s  e f f e c t s  o f HgOg [7 7 ], th e  p le th o ra  o f p ap ers  showing
reduced SH le v e ls  r e s u l t in g  in  a d e fe c tiv e  SH/S-S redox s t a t e  in  RA,
norm alized by su lp h y d ra te  d rugs [404], and th e  known s e n s i t i v i t y  of SH 
groups to  ROS [414]. No one to  d a te  has d i r e c t l y  looked a t  the
re la t io n s h ip  between a l l  th e se  ev en ts , and w hether ra is e d  ROS lead in g
to  reduced membrane SH le v e ls  could lead  to  d e fe c t iv e  su p p resso r 
a c t i v i t y .  T h is was th e  purpose o f t h i s  p r o je c t ,  hence th e  t i t l e  
“ immunoregulation m ediated by c e l l - s u r f a c e  su lp h y d ry l g roups” . Thus 
th e  fo llo w in g  b a s ic  q u e s tio n s  were posed:
1] i s  th e re  evidence fo r  d e fe c t iv e  SH le v e ls  in  RA?
2] i s  th e re  d e fe c t iv e  su p p resso r a c t i v i t y  in  th e  same RA 
p a t ie n ts ?
3] could 2] be th e  r e s u l t  o f o x id a tio n  o f im portan t su rfa c e  SH 
groups on immunoregulatory c e l l s ?
4] i f  d e fe c tiv e  su p p resso r a c t i v i t y  i s  found, can i t  be improved 
in  v i t r o  by 2-ME or D-PEN, o r in  vivo by su lp h y d ra te  d rugs?
5] what o th e r immunoregulatory mechanisms a re  SH dependent?
6] a re  any o f 5] d e fe c t iv e  in  RA? And i f  so, a re  they  c o rre c ta b le  
by su lp h y d ra te  trea tm en t o r 2-ME?
CHAPTER 2  -  MATERIALS AND EQUIPMENT
2 , 1  MATERIALS
A ll t i s s u e  c u l tu re  re a g e n ts , ex cep t 
where o th erw ise  s ta te d  (a  b a tch  of FCS 
o f low m ito g e n ic ity  was re se rv ed  fo r  
u s ) .
Pokeweed m itogen [ ly o p h il is e d  crude 
p re p a ra t io n  from Phylolacca am ericanal .
A ll chem icals excep t where o th e rw ise  
s ta te d  ( in c lu d in g  a n t i s e r a  and re a g e n ts  
fo r  E l is a  tech n iq u e . Note th a t  BSA must 
be g lo b u lin  and e s s e n t i a l ly  f a t t y  ac id  
f r e e ) .
F ic o ll-p a q u e  (d e n s i ty  1.077 ± 0.001
g /m l) .
P e rc o ll  (d e n s ity  1.130 ± 0.005 g /m l) . 
Concanavalin-A  [ ly o p h ilis e d  from Jack  
bean C oncanavalia ensiformis]
SUPPLIER
Gibco B io -C u lt L td . 
P a is le y ,
S co tland .
Sigma Chemical C o., 
P oo le ,
D o rse t,
England.




Phosphate b u ffe red  S a lin e  t a b l e t s  
[Dulbecco “A**]
Oxoid L td . ,  Wade Rd.,  
B asingstoke , Hampshire, 
RG 24 OPW, England.
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Glucose Boots th e  chem ist, 
B ath, England.
Sodium Carbonate 
Sodium Hydrogen C arbonate 
Disodium Hydrogen Phosphate 
Potassium  Dihydrogen Phosphate 
EDTA
B r i t i s h  Drug Houses 
L im ited ,
Poole , D orset, 
E ngland.
B e ta flu o r S c in t i l l a t i o n  f lu id N a tio n a l D ia g n o stic s , 
45, Long Plough,
Aston C lin to n ,
B ucks., HP22 5HD, 
England.
Phytohem agglutin in  -  P (50mg/5ml) 
[p u r if ie d  from phaseo lus s u p p . -  
ly o p h i l i s e d ] .
D ifco L abs. ,
P.O. Box 14B 
C e n tra l Lane, 
E ast Mosley, 
S urrey , KT8 OSE, 
England.
Mabs T3, T4, T8, T i l ,  HNK-1, WR16, WR17, 
WR18, WR19, M2
( f o r  s p e c i f i c i ty  see  Table 3 .1 ) .
Wessex R egional 
Immunology S e rv ic e ,
Mab U n it, Southam pton., 
England.
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Mouse Mab to  human in te r le u k in -2  
re c e p to r  [DAK0-IL^2R Mab]
Code M731
( f o r  s p e c i f i c i t y  see  T able 3 .1 )
H eparin Sodium (mucous) “monopurin”
1000 u/m l (p re s e rv a tiv e  f r e e ) .
(M ethyl-^H) Thymidine code TRA 120. 
S p e c if ic  a c t i v i t y  5 Ci/mmol 
Cone. 1 mCi/ml.
1 " ^  r - In te r le u k in -2  
code NEX-229
S p e c if ic  a c t i v i t y  38 MCi/Mg.
Cone. 33.3  pC i/m l.
“Tago” a f f i n i t y  p u r if ie d  antihuman IgM 
a lk a l in e  phosphatase co n ju g a te .




B ucks., HP11 2HT, 
E ngland.
Weddel P h arm aceu tica ls  
L im ited ,
Wrexham, England. 
Amersham I n te r n a t io n a lt
PLC, Amersham L ab s ., 
White Lion Rd., 
Amersham Bucks,
HP7 9LL, England.
New England N uclear 
Research P ro d u cts ,
54a Albany S t . ,
Boston, MA 02118, USA.
T issu e  C u ltu re  
S e rv ic e s , Slough,
Bucks. ,  E ngland.
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Human r - I n te r le u k in -2  
50 fjg ly o p h ilis e d  h r - IL  2
7
S p e c if ic  a c t i v i t y  10 IU/mg
HuT 102/B2 c e l l s .
Royal f r e e  Mab to  T8 (RF T8).
R abbit Complement fo r  ABC and DR Typing.
Giemsa S ta in , May Grunwald S ta in , 
Depex N eu tra l Mounting medium
Dr. M.P. Weir,
Glaxo Group Research 
L im ited , G reenford Rd., 
G reenford , M iddx.,
UB6 OHE, England. 
Immunology Dept, 
o f above company.
Dr. George Janossy , 
Royal F ree H o sp ita l , 
Immunology D ep t., ' 
London, England.
N orth E ast B iom edical 
L abs. L td . ,
P.O. Box 45,
Denham, B u ck s.,
UB9 5PA, England.
Ho^pkins and W illiam s 




2 . 2  EQUIPMENT
A ll t is su e  culture Nunc disposable  
p la s t ic s  ( U -shaped, |J -shaped 96 w ell 
p la tes  and |J-shaped 24 w ell p la te s ) . 
y -irrad iated  polycarbonate U -shaped and 
-polystyrene/polyethylene IJ-shaped 
centrifuge tubes.
P la s t i c  r - i r r a d ia t e d  sy rin g e s  and 
n e ed le s .
N o n s te r ile  r ig id  p o ly s ty re n e  Nunc 
Immuno-I E l is a  p la te s .
S c in t i l l a t i o n  v i a l s  and c a p s .145 mm 
plugged d isp o sa b le  g la s s  P a s te u r  
p ip e t te s .
75 mm x 1 mm plain g la ss  ca p illa ry  
tubes.
S te r i l e  Flow C ab in ets .
SUPPLIER
Gibco B io c u lt L td ., 
P a is le y ,
S c o tla n d .
R ichardsons o f 
L e ic e s te r ,  
E ngland.
M.D.H. L td .,
Walworth Rd., Andover, 
Hampshire, SP10 5AA, 
E ngland. *
C u ltu re  In cu b a to r. H eraeus, England.
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LP3 tu b es .
MSE C h ilsp in  2 c e n tr ifu g e  w ith  swing out 
bu ck e ts  and p la te  sp in n e r .
MSE M is tra l 2L c e n tr ifu g e  w ith  swing ou t 
b u c k e ts .
B io -fre e z e  tu b es .
W ilovert in v e r tin g  m icroscope.
Dynatech Automatic M icroE lisa  Reader 
MK 580.
Dynatech P la te  Shaker.
Luckham Labs.
S u p p lies  L td .,  
Labro-Works,
V ic to r ia  G ardens, 
Burgess H i l l ,
West Sussex,
E ngland.
MSE S c ie n t i f i c  




B io lo g ic a ls , England.
M icrocare S e rv ic e s , 
61, B laisdon 1 Y ate, 
B r is to l  BSl'7 4TY, 
England.
Dynatech In stru m en ts  
C a l i fo rn ia ,
USA.
Howe pH-meter. Howe,
S urrey , England.
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Skatron  C e ll H a rv es te r and f i l t e r  paper. 
Adhesive tra n s p a re n t  m ic ro p la te  covers.
Laborlux  12 m icroscope w ith /w ith o u t 
f a c i l i t i e s  fo r  f lu o re s c e n t  work (o th e r  
m icroscopes used d e sc rib e d  in  methods 
s e c t io n ) .
Packard T r i  Carb S c in t i l l a t i o n  Counter 
3255.
Gamma-Counter.
S in g le  use m i l l i t i t e r  5v
96 w ell f i l t r a t i o n  pack and -vacuum
h o ld e r.
7 ml s t e r i l e  B ijoux b o t t l e s .
30 ml s t e r i l e  blood c o l le c t io n  b o t t l e s .
Flow Labs. L td .,  
I r v in e ,  S co tlan d .
E. L e itz  In s tru m en ts  
L im ited ,
Luton,
E ngland.
U nited T echnolog ies, 
Packard , B e rk sh ire , 
E ngland.
F a c i l i t i e s  used a t  
Glaxo Research L abs.,  
Immunology D ep t., 
G reenford , M iddx., 
England.
S t e r i l i n ,
43-45 Broad S t.
Bedd in g to n , M id d x .,  
TW11 8Q2, England.
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12 w e ll m u ltisp o t PTFE-coated s l id e s .
M illi-RO  + M illi-Q  w ater system  fo r  
double d e io n ized  w ater.
M illex  non pyrogenic s t e r i l e  s in g le  use 
Dynagard f i l t e r  u n i t s  w ith  low p ro te in  
b in d in g  -  Durapore 0 .22  Mm p o ro s i te  
membranes SL GV 025 BS.
Haemocytometer coun ting  chamber, p la in  
g la s s  s l id e s  and cover s l i p s .
N escofilm .
C.A. Hendley (E ssex) 
L im ited ,
Oakwood H i l l  I n d u s t r ia l  
E s ta te ,  Loughton,
Essex, England.
M illip o re  UK L td .,  
M illip o re  House,




Arnold Howell L td .,
73, Maygrove Eld. ,
West Hamstead, London, 
NW6 2BP, England.
F isons PLC S c ie n t i f i c  
Equipment D iv is io n , . 
Bishop Meadow Eld., 
Loughborough,
L e ic s . ,  LE11 OEIG, 
England.
Shandon cy to sp in Southern P roducts  L td .,  
England.
CHAPTER 3  -  METHODS 
PREPARATION OF REAGENTS FOR PBMNC CELL SEPARATION AND
TISSUE CULTURE
Phosphate buffered sa line P lu s  g lucose  (PBSG)
( f o r  washing o f c e l l s  and fo r  in cu b a tio n s  w ith  re a g e n ts  such as  2-ME, 
PHMPSA, D-PEN, e t c . )
PBS t a b le t s  ......................................................................  10 '
G lucose ...............................................................................  1. 6g
D eionized w ater ...................................  to    1 L i t r e
Then the  above c o n s t i tu e n ts  were f i l t e r  s t e r i l i z e d  u sin g  M illip o re
f i l t e r  u n i t s  0 .22  Mm pore s iz e  in to  a s t e r i l e  c o n ta in e r  and s to re d  a t  
4 °C fo r  up to  two weeks.
Cg.ll culture medium (RPMI 1640) p lu s  101 ECS
Volume (m l)
RPMI 1640 (10 x s t r e n g th )  ........................................ 100
7.5% Sodium Carbonate s o lu tio n  ............................. 27
P e n ic i l l in  (5000 u /m l) p lu s
Streptom ycin s o lu tio n  (5000 Mg/ml) ......................  20
200 raM Glutam ine ...........................................................  20
F o e ta l c a l f  serum .........................................................  100
pH ad ju s ted  to  7 .3  u s in g  3M NaOH then
D eionized w ater ...................................  t o ...................... 1 L i t r e
The above c o n s t i tu e n ts  were f i l t e r  s t e r i l i z e d  u sin g  M illip o re  f i l t e r  
u n i t s  0 .22  Mm pore s iz e  in to  a s t e r i l e  c o n ta in e r  and s to re d  a t  4 °C 
fo r  up to  two weeks.
PREPARATION OF REAGENTS FOR IgG  AND IgM ELISA-ASSAYS
Coating Buffer
Sodium C arbonate ...........................................................  1.59 g
Sodium Hydrogen C arbonate ................................... . . .  2 .93  g
Sodium Azide ....................................................................  0 .2  g
pH a d ju s ted  to  9 .6  u s in g  3M NaOH then
D eionized w ater ..........  to ..................  1 L i t r e
The above c o n s t i tu e n ts  were s to re d  a t  4 °C fo r  up to  two weeks
PBS p lu s  0.5% BSA ( f r e s h ly  p rep a red )
Bovine serum albumin ..................................................  0 .5  g
PBS (x  1) ...............................................  t o ................... 100 ml
PBS/Tween
Tween 20 (P olyoxyethylene s o rb ita n
m onolaurate) .................................................................... 0 .5  ml
Sodium Azide ........................ ................... .......................  0 .2  g
PBS (x  1) ................................................  to ..................  1 L i t r e
The above c o n s t i tu e n ts  were s to re d  a t  4 °C fo r  up to  two weeks
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D iethanolam ine
D iethanolam ine 96 ml
D eionized w ater 800 ml.
Sodium Azide 0 .2  g
Magnesium C h lo ride  hexahydrate 0 .1  g
ph a d ju s te d  to  9 .8  w ith  1M HC1
D eionized w ater to 1 L i t r e
The above c o n s t i tu e n ts  were s to re d  in  an amber b o t t l e  fo r  n o t
A lk a lin e  phosphatase conjugated to  goat antihuman IgG (r-chain
s p e c i f i c ) [Sigma]
U sually  d i lu te d  1:1000 in  PBS/Tween b u t more d i lu t e  i f  th e  b a tch  
i s  enzym ically  very  a c t iv e .
A lk a lin e  phosphatase  con jugated  to  goat antihuman IgM (m-chain
sp ec ific ) Clago]
U sually  d i lu te d  1:3000 in  PBS/Tween b u t more d i lu t e  i f  th e  b a tch  
i s  enzym ically  very  a c t iv e .
Goat antihuman p o ly v a le n t immunoglobulins (A n tise ra )
A b o t t l e  was re c o n s t i tu te d  w ith  2 ml of s t e r i l e  d e io n ized  w ater 
and s to re d  a t  4 °C i f  to  be f re q u e n tly  used b u t o th e rw ise  100 ml
a l iq u o ts  were p laced  in  b io fre e z e  v i a l s  and frozen  a t  -20 °C u n t i l  
needed. When re q u ire d  th e  p o ly v a le n t I g 's  were d i lu te d  1:200 in
co a tin g  b u f fe r .
more than  two weeks a t  4 C.
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S u b s tra te
1 p i l l  (5 mg) o f p a ran itro p h en y lp h o sp h a te  p e r every  5 ml o f 
d ie th an o lam lin e  to  make a s to ck  s o lu tio n  o f 1 mg/ml p rep ared  fre sh  
j u s t  b e fo re  u se .
Ig£ and IgM s tan d a rd s  for ELISA assays
A normal serum pool (n e g a tiv e  fo r  RhF a c t i v i t y )  was used as a 
source  o f IgG and IgM s tan d a rd s  c o n ta in in g  9 g /1  and 1 .5 g /1  
re s p e c t iv e ly  as  determ ined by nephelom etry (by Mr. K. Case, Immunology 
D ept. RUH, B ath ). The serum pool was a liq u o te d  and s to re d  a t  -90 C 
u n t i l  re q u ire d . For c o n s tru c tio n  o f ELISA s ta n d a rd s  cu rves _a sample 
was thawed and d i lu te d  to  4000 ng/ml such th a t  in  each case  th e  top  
s tan d a rd  would be 2000 ng/m l.
P u r if ie d  IgQ^ ( to  t e s t  s p e c i f i c i t y  of IgG and IgM assa y s)
IgG^ was p repared  by a f f i n i t y  chrom atography by p a ss in g  d i lu te d  
human myeloma serum down a p ro te in  A column [1 -3 ] . The IgG^ bound to  
th e  p ro te in  A through th e  Fc reg io n  in  a pH dependent fa sh io n  and was 
e lu te d  by low ering th e  pH of th e  column. Serum o b ta ined  from an IgG^ 
myeloma p a t ie n t  was c e n tr ifu g e d  a t  2000 g to  remove p a r t i c u la t e  m a tte r 
and then  d i lu te d  to  50% w ith  PBS (x 1). A liq u o ts  o f 4 ml of serum were 
then  added to  a p ro te in  A column in a s tep w ise  fa sh io n . The column was 
then washed w ith  10/150 phosphate b u ffe r  to  remove unwanted 
con tam inan ts. A cetic  a c id  (1M) was then added to  the  top o f th e
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column, and bound IgG^ e lu te d  in to  a  sm all beker. The p re p a ra t io n  was 
th en  l e f t  to  d ia ly s e  in  PBS (x  1) a t  4 °C (w ith  freq u e n t changes of 
b u f f e r )  u n t i l  th e  pH was n e u tr a l .  The p ro te in  c o n c e n tra tio n  o f the 
sample was determ ined  s p e c tro p h o to m e tr ic a lly  and th e  sample 
co n cen tra ted  as re q u ire d  and s to re d  a t  -20 °C. B efore use an a l iq u o t  
was thawed and d i lu te d  to  4000 ng/m l to  t e s t  s p e c i f i c i t y  in  th e  IgG 
and IgM ELISA assay s .
WHITE CELL COUNTING FLUID
A cetic  a c id  ....................................................................  3 ml
M ethylene b lu e  .............................................................. 0 .1  ml
D eionized w ater .................................  to ..................  100 ml
(The ac id  ly se s  any red  c e l l  th u s  le av in g  on ly  w hite  c e l l s  to  be 
counted ; th e  dye a id s  c e l l  co u n tin g )
REAGENTS FOR CELL VIABILITY MEASUREMENT
A crid ine  orange (A0) ................................................  0 .1  mg
Ethidium  bromide (EB) ..............................................  0 .1  mg
PBS (x  1) ..............................................  to    100 ml
Samples were a liq u o te d  in to  b ijo u x  b o t t l e s  and frozen  a t  -20 °C. A fte r 




PREPARATION OF REAGENTS FOR SERUM THIOL MEASUREMENT
B u ffe r A
B u ffe r B
0.1M Phosphate 
B u ffe r C
DTNB s o lu tio n
0 .1  M disodium  hydrogen phosphate p repared  in
o
d e io n ized  w ater in  an amber b o t t l e  a t  4 C.
0 .1  M potassium  dihydrogen phosphate p repared  in
d e io n ized  w ater and s to re d  in  an amber b o t t l e  a t
4 °C.
150 ml B uffer A mixed w ith  25 ml B u ffe r B and pH
a d ju s ted  to  7 .4  and s to re d  in  an amber b o t t l e  a t
4 °C.
a 0 .8  mg/ml so lu tio n  was made in  b u ffe r  C and 
p laced  in  an amber b o t t l e  j u s t  b e fo re  u se .
EDTA/Buffer Q ( f o r  p re p a ra t io n  of g lu ta th io n e  s tan d a rd  cu rve)
EDTA ...................................................................................  0 .01  g
B u ffe r C ................................................  to    100 ml
Glutathione s tan d a rd
Using reduced g lu ta th io n e  MW 307.33, 0.0307 g were d is so lv e d  in  
1000 ml of EDTA/Buffer C and p laced  in  an amber b o t t l e ,  to  g iv e  a 
s to c k  so lu tio n  o f 1 mH. D ilu tio n s  were made from t h i s  in  EDTA/Buffer C 
to  g iv e  a s tan d a rd  curve rang ing  from 0 .1  to  1 mM.
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b u f f e r  fo r  may grunwald/ g ie m s a  s t a i n i n g
O.IM C i t r i c  Acid (21 .01  g /1 )
0.2M Disodium Hydrogen Phosphate (28 .39  g /1 )
85 ml C i t r i c  Acid p lu s  115 ml Disodium Hydrogen Phosphate a d ju s te d  to
pH 5.75  and made up to  1 L i te r  w ith  d e io n ized  w ater.
PREPARATION OF 2-MERCAPT0ETHANQL 
MW 78.1  D ensity  1.114 g /1  M o larity  14 .3M
F i r s t  a 1M s o lu tio n  was made by d i lu t in g  0 .5  ml o f 2-ME w ith  6 .6  
ml o f d e io n ized  w ater, termed s o lu tio n  A. Then 1 ml o f s o lu t io n  A
taken  p lu s  9 ml o f d e io n ized  w ater, termed s o lu t io n  B (0.1M ). Then 1
ml o f s o lu tio n  B p lu s  99 ml of d e io n ized  w ater, termed s o lu t io n  C (1
mM) -  t h i s  was th e  s to c k  s o lu tio n  s to re d  a t  4 °C.
Small a l iq u o ts  o f th e  s to c k  s o lu t io n  were f i l t e r  s t e r i l i z e d
b e fo re  u se . C e lls  were t r e a te d  w ith  a f i n a l  c o n ce n tra tio n  o f 2-ME of
50 /uM u n le ss  o therw ise  s ta te d .
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PREPARATION OF REAGENTS FOR FLUORESCENCE ASSAY 
EBSA
PBSG c o n ta in in g  0.2% bovine serum albumin and 0.1% a z id e .
PBSG ± ECS
PBSG c o n ta in in g  2% h ea t in a c t iv a te d  FCS + 0 .1%  a z id e .
Goat an ti-m ouse IgG FITC con.iugate
The FITC co n ju g ate  ( f lu o re s c e in - is o th io c y a n a te  isomer 1) 
f lu o re s c e s  g reen . A liq u o ts  were s to re d  a t  4 °C and j u s t  b e fo re  use an 
a l iq u o t  was d i lu te d  a p p ro p r ia te ly  o r f i l t e r e d  through a 0 .22 /Jm 
c e l lu lo s e  a c e ta te  f i l t e r  to  remove any ag g reg a te s  which would 
o th e rw ise  bind to  Fc re c e p to rs  g iv in g  f a l s e  p o s i t iv e  r e s u l t s .  By u s in g  
a F (a b >2 fragm ent Fc re c e p to r  b in d in g  was excluded.
CU.y-C.erQ 1/PBS/D ABCQ
2 .5  g DABCO was added to  a s o lu t io n  c o n ta in in g  90 ml g ly c e ro l and 
10 ml PBS (x  1).
PREPARATION OF REAGENTS FOR r - I L - 2  FORMULATION 
CULM a c e t ic  a c id
6 ml 1M a c e t ic  a c id  + 94 ml d e io n ised  w ater 
Q.2M BSA/phosphate b u ffe r  pH 4
0.42  g a c e t ic  a c id  were d is so lv e d  in  100 ml d e io in is e d  w ater. 
0 .716 g disodium -hydrogen phosphate were d is so lv e d  in  100 ml d e io n ised  
w ater. The b u ffe r  was produced by m ixing 50 ml of each s o lu t io n .  50 mg 
BSA was added to  10 ml o f the  b u f f e r to  make the  f i n a l  s o lu t io n .
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R e c o n s titu tio n  o f  recom binant IL zZ
50 Mg of ly o p h ilis e d  human r- IL -2  was su p p lied  by G laxo, of
7 5s p e c i f ic  a c t i v i t y  10 U nits/m g; thus 50 Mg re p re se n te d  5 x 10 U n its
o f a c t i v i t y .  I t  was suggested  th a t  i t  was s to re d  a t  4 °C and n o t
frozen,. The 50 Mg was d is so lv e d  in  10 ml 0.1M a c e t ic  ac id  to  g iv e  5 x
4
10 U/ml c a l le d  “ co n cen tra ted  s to c k  s o lu t io n ” . 0 .1  ml o f t h i s  s o lu tio n
was taken  and d is so lv e d  in  9 .9  ml o f 5 mg/ml bovine serum
2album in/phosphate b u f fe r  pH 4 to  g iv e  a f i n a l  c o n c e n tra tio n  o f 5 x 10 
U/ml and f i l t e r - s t e r i l i s e d  u s in g  M illex  GV 0.22  M m  p o ro s i ty  membranes 
(mixed a c e ta te  membrane f i l t e r s  must n o t be u sed ) . T h is  was c a l le d  
“ s to c k  s o lu t io n ” . The a d d it io n a l  p ro te in  was added to  p rev en t lo s se s  
o f r - IL -2  which i s  very  hydrophobic and e a s i ly  s t i c k s  to  v e s s e ls .  200 
Ml a l iq u o ts  o f t h i s  were s to re d  a t  -70 °C. J u s t  p r io r  to  use an
a l iq u o t  was thawed and d i lu te d  1:5 in  RPM + 10% FCS to  g iv e  100 U/ml, 
such  th a t  a d d itio n  o f 10 Ml to  100 Ml of c e l l s  in  th e  “ educated c e l l s ” 
a ssay  would g iv e  a top  s tan d a rd  o f 10 U/ml ( in  some cases  100 U/ml was 
needed, then d i lu t io n s  were made d i r e c t l y  from the  “ co n cen tra ted  s to ck  
s o lu t io n ” ) .
Although r - IL -2  i s  a very  s ta b le  p ro te in ,  i t  s to r e s  b e t t e r  a t  
a c id  pH and a t  is o to n ic  s t r e n g th ,  s in c e  a t  p h is io lo g ic a l  pH and io n ic  
s t r e n g th  i t  d e n a tu re s ; b u t i t  must n o t be d i lu te d  d i r e c t l y  from an 
ac id  pH to  a  n e u tr a l  pH s in c e  lo s s  o f a c t i v i t y  w i l l  occur.
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PREPARATION OF HpCU SOLUTION
A range o f H2O2 c o n c e n tra tio n s  were f r e s h ly  made up in  PBSG j u s t  
b e fo re  u se , and f i l t e r  s t e r i l i s e d  such th a t  a  range o f d e s ire d
c o n c e n tra tio n s  would be achieved on subsequent d i lu t io n s  in  the
c u l tu re  v e s s e ls .  —
PREPARATION OF ot-METHYL-M ANNO SIDE (MW 1 9 4 .2 )
A 0 .6  M s o u lt io n  in  RPMI and 10% FCS was made up and f i l t e r
s t e r i l i s e d  and kep t a t  4 °C to  be used w ith in  2 weeks. A f in a l
c o n c e n tra tio n  o f 0 .3  M seen by CON-A t r e a te d  o r UNT tr e a te d  c e l l s  
produced a f t e r  th e  48 hour p re c u ltu re  in  th e  CON-A induced su p p resso r 
a ssay  was achieved by adding 1 ml o f c e l l  suspension  to  1 ml o f th i s  
s o lu t io n .  '
PREPARATION OF MITOGENS
CON-A, PHA, PWM, anti-CD3 Mab (w ith o u t a z id e ) were made up as 
co n cen tra ted  s to c k  s o lu t io n s  in  PBSG and frozen  a t  -20 °C u n t i l  
needed. A ppropria te  d i lu t io n s  were made in  c u ltu re  m edium -just b e fo re  
u se , such th a t  d e s ire d  c o n c e n tra tio n s  would be achieved on a d d itio n  to  




PBMNC were p repared  form h e p a rin ise d  blood u s in g  a sim ple and 
ra p id  c e n tr i fu g a t io n  techn ique  o f d e n s ity  c e n tr i fu g a t io n  on 
F ic o ll-P a q u e  acco rd ing  to  Boyum (4 -8 ) .
Blood was d i lu te d  1:1 w ith  PBSG (s in c e  WBC was in a l l  c a se s  le s s  
g
than  20 X 10 / l )  and 7 ml c a r e f u l ly  lay ered  onto  3 ml (pre-warmed to
20 °C) F ico ll-P aq u e  in  s t e r i l e  c o n ic a l p o ly s ty re n e -p o ly e th y len e
c e n tr ifu g e  tu b e s , and c e n tr ifu g e d  in  a  pre-warmed c e n tr ifu g e  a t  18°C
a t  400 g Tor 30 min. fo r  op tim al s e p a ra tio n  (F ig . 3 .1 ) .  P r io r  d i lu t io n
o f th e  blood improves c e l l  y ie ld  s in c e  i t  reduces th e  s iz e  o f red  c e l l
ag g reg a te s  which could  o therw ise  b r in g  down PBMNC to o . The v ia b le
PBMNC (lym phocytes, monocytes and p l a t e l e t s )  were c a r e f u l ly  removed
from th e  in te r f a c e  u s in g  s t e r i l e  d isp o sa b le  g la s s  P a s te u r  p ip e t te s ,
and p laced  in  round bottom  s t e r i l e  po ly carb o n ate  tubes ( t o  improve
c e l l  y ie ld  by in h ib i t in g  c e l l  ad h erence). The aggregated  red  c e l l ,
g ran u lo c y te , dead c e l l s  and c e l l  d e b r is  p e l l e t  was d isc a rd e d . I t  i s
im portan t to  remove a l l  th e  in te r f a c e ,  b u t w ith  a minimum of
F ic o ll-P a q u e  and su p e rn a ta n t, s in ce  removing excess F ico ll-P aq u e
causes g ran u lo cy te  con tam ination  and removing exccess su p e rn a ta n t
r e s u l t s  in  unnecessary  con tam ination  by plasm a p ro te in s .  The PBMNC
were washed 3 tim es w ith  PBSG, p e l le t in g  in-betw een washes by
c e n tr ifu g in g  a t  250 g fo r  10 min. to  remove F ico ll-P aq u e  and plasm a,
and c o l le c t in g  th e  p e l l e t .  F in a l ly  the  c e l l s  were resuspended -in PBSG 
6a t  5 x 10 /m l i f  PHMPSA or 2-ME trea tm en t were to  be c a r r ie d  ou t; or
FIG. 3.1
S E P A R A T I O N  OF P E R I P H E R A L  BL O O D  M O N O N U C L E A R  C E L L S  




FICOLL-  HYPAQUE 
RED CELL PELLET
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a t  an a p p ro p ria te  d i lu t io n  in  RPMI + 10% FCS i f  to  be c u ltu re d  
im m ediately. S ep a ra tio n  o f PBMNC in  t h i s  way g iv e s  c e l l  y ie ld s  of 
g r e a te r  than  95% lymphocytes and monocytes (60% reco v ery  of 
lymphocytes in  o r ig in a l  sam ple) w ith  only  3% g ran u lo c y te s  an f 5% red 
c e l l s  co n tam ination , and 95% c e l l  v i a b i l i t y .
A ll s e p a ra tio n  and t i s s u e  c u l tu re  p rocedu res were perform ed in  a 
flow  c a b in e t u s in g  s t e r i l e  equipment and a s e p t ic  te ch n iq u es .
1
CELL COUNTING USING A HAEMOCYTOMETER
The c e l l s ,  whether PBMNC or n e u tro p h ils  were suspended in  1 ml 
medium or PBSG, and 20 Ml removed and mixed thoroughly  w ith  380 Ml 
co u n tin g  f lu id  in  an LP3 tube .
A cover s l i p  was s tu c k  to  th e  haem ocytom eter, and a sample o f 
c e l l  suspension  was allow ed to  flow  under th e  cover s l i p  from a f in e  
c a p i l l a r y  tube u n t i l  th e  g r id  a re a  was j u s t  f u l l  b u t n o t overflow ing .
The number o f c e l l s  in  th e  2 d ia g o n a lly  opposed la rg e  squares 
were counted under 10 x m a g n ific a tio n , and th e  r e s u l t s  d iv id ed  by 10
g
to  g iv e  th e  number o f c e l l s  x 10 /m l.
The c e l l s  were then  f u r th e r  d i lu te d  as  n ece ssa ry .
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METHOD FOR CELL VIABILITY MEASUREMENT
100 Ml PBMNC c e l l  suspension  (1 x 10^/m l) was mixed w ith  100 m1 
AO/EB s o lu tio n . C e l ls  were counted u s in g  a flu o re sc en c e  m icroscope 
u t i l i s i n g  b o th  UV and v i s ib le  il lu m in a tio n  a t  th e  same tim e s in c e  th eI
flu o resc en c e  was v e ry  s tro n g . A crid ine  orange i s  taken up by l iv e  
c e l l s  and f lu o re s c e s  g reen /y e llo w . Ethidium  bromide i s  taken  up by 
dead c e l l s  and f lu o re s c e s  orange (F ig . 3 .2 ) .
At l e a s t  200 c e l l s  were counted fo r  accuracy .
R esu lts  were expressed  as:
C e l l s  f l u o r e s c i n g  g r e e n / y e l l o w  X 100
% v ia b le  c e l l s  = ---------------------------------------------------------------------------
T o t a l  n u m ber o f  c e l l s  in  f i e l d  o f  v iew
Method based on P arks e t  a l .  [9 ] .
LYMPHOCYTE PROLIFERATION ASSAY
100 Ml o f 1 x 106/m l PBMNC in RPMI + 10% FCS were p laced  in
t r i p l i c a t e  in  U "Shaped s t e r i l e  96-w ell c u l tu re  p la te s ,  to  which 10 Ml 
o f m itogens a p p ro p r ia te ly  d i lu te d  in  RPMI + 10% FCS were added to  g iv e  
f i n a l  d i lu t io n s  o f CON-A (1-100 Mg/ml) and PHA (0 .0 1  -  1.0% of f i n a l  
volume, to  g iv e  a range o f c o n c e n tra tio n s  l_Mg/ml to  100 Mg/ml) and 
PWM (1 :20  -  1:2000 f in a l  d i lu t io n -  in  w e ll) ,  and anti-CD3 Mab (1:2000 -  
1:200000 f in a l  d i lu t io n  in  w e ll) .  To c a lc u la te  background 
p r o l i f e r a t i o n  in  th e  absence o f m itogens 10 Ml of RPMI + 10% FCS was 
added in s te a d . Depending on th e  a ssay , c u l tu re s  were incubated  fo r  24,
Fig. 3.2 :PBMNC CELLS STAINED WITH ACRIDINE ORANGE/ETHIDIUM BROMIDE 
LIVE CELLS STAIN YELLOW/GREEN 
DEAD CELLS STAIN ORANGE 
MAGNIFICATION X 496
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48, 96, 120, 144, 240 hours. Four hours b e fo re  te rm in a tio n  1 MCi o f 
[^H ]-thym idine d i lu te d  in  RPMI + 10% FCS was added in  a 10 M'l volume. 
The c e l l s  were h a rv ested  onto g la s s  f ib e r  f i l t e r  d is k s  and o v en -d ried . 
The d is k s  w ere-then  removed and p laced  in to  in d iv id u a l s c i n t i l l a t i o n  
v ia l s  c o n ta in in g  2 ml o f s c i n t i l l a n t .  The uptake o f ra d io iso to p e  was 
determ ined  by l iq u id  s c i n t i l l a t i o n  sp ec tro m etry . R esu lts  were 
co n sidered  r e l i a b l e  when v a r ia t io n s  in  CPM was le s s  than  10% of th e  
mean fo r  each t r i p l e t  ( to  e lim in a te  th e  in te r fe re n c e  due to  te c h n ic a l  
e r r o r s  o r c o n tam in a tio n ). F in a l ly ,  CPM were m u ltip l ie d  up so as  to  be 
expressed  a s  CPM/10^ PBMNC.
D ose-response cu rves over s e v e ra l  in d iv id u a ls  were expressed  as  
mean o f % o f maximal coun ts  fo r  each dose .
MICRQPLATE INDIRECT IMMUNOFLUORESCENCE ASSAY
U -sh ap ed  96-w ell m ic ro p la te s  were used as v e h ic le s  fo r  
s im u ltan eo u s ly  s ta in in g  and washing sam ples [10],
T i te r te k  m u lt ip ip e t te  and au tom atic  m ic ro p ip e tte s  were used to  
allow  r a p id i ty  in  h an d lin g  sm all re ag en t volumes and washing and 
resuspend ing  o f c e l l s .  F i f ty  Ml a l iq u o ts  o f f r e s h ly  p repared  PBMNC a t  
2. -  4 x 10^/ml in  PBSA (1 -  2 x 10^ p e r w e ll)  were p laced  in  each 
m ic ro p la te  w e ll. The p la te  was p laced  on ic e  fo r  10 m in ., and 5 Ml o f 
n ea t o r a p p ro p r ia te ly  d i lu te d  Mab ( a t  4 °C) were added p e r w e ll and 
mixed th o ro u g h ly  w ith  th e  c e l l  su spension  (an op tim al c o n c e n tra tio n  
was used g iv in g  minimal non s p e c i f ic  b in d in g  b u t e f f e c t iv e  s p e c i f ic  
s ta in in g ) .  The whole p la te  was covered w ith  an adhesive tra n s p a re n t
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O
cover and g e n tly  shaken on a p la te  shaker fo r  30 min. a t  4 C, The
w e lls* e r e  then topped up w ith  100 Ml PBSA and spun fo r  30 min. a t  1500
\
RPM, then  th e  su p e rn a ta n t was removed by f o r c e f u l ly  in v e r t in g  the  
p la te  onto paper to w els . The c e l l s  were resuspended and washed 4 
tim es w ith  ic e -c o ld  PBSA. C e lls  were incubated  fo r  30 min. a t  4 °C 
w ith  50 p i  F (ab >2 fragm ent o f g o a t an ti-m ouse IgG FITC con jugate  
(d i lu te d  1 :20) and then  washed 4 tim es w ith  ic e -c o ld  PBSA.. A fte r  th e  
l a s t  wash, 6 Ml o f PBSA was added to  each o f th e  t in y  c e l l  p e l l e t s ,  
and 2 Ml o f resuspended c e l l s  t r a n s fe r r e d  on to  a PTFE coated  m u ltisp o t 
s l i d e .  The s l id e  was p laced  in  fo rm alin  vapour fo r  15 m in ., then  
a i r - d r i e d  and each w e ll covered w ith  a  drop o f g lycero l/P B S  (x  
1)/DABC0 to  p rev en t lo s s  o f f lu o re sc en c e  s ta in in g  [1 1 ], a cover s l i p  
was added and sea le d  w ith  c le a r  n a i l  v a n ish . An ex cess iv e  amount of 
g ly c e ro l  f lu id  must be p reven ted  to  avoid  a  “ h a lo ” e f f e c t  around th e  
c e l l s  when viewed under phase; t h i s  can be p reven ted  by app ly ing
g e n tle  p re s su re  to  th e  cover s l i p  which f l a t t e n s  th e  c e l l s  and 
p re v e n ts  t h e i r  movement. I t  was p o s s ib le  to  s to r e  th e  s l id e s  fo r  some
o
months a t  4 C by keeping them in  a  d a rk  box w ith o u t lo s s  o f s ta in in g
in te n s i ty  u n t i l  th e  s l id e s  were read . Washings and d i lu t io n s  o f Mab o r
FITC co n jugate  were c a r r ie d  ou t in  PBSG c o n ta in in g  2% h ea t in a c t iv a te d
FCS and 0.1% a z id e  to  m inim ise n o n -s p e c if ic  Fc re c e p to r  m ediated
b in d in g  whenever th e  monoclonal was o f IgG., s p e c i f i c i t y .za
C on tro l sam ples in  th e  absence o f monoclonal a n tib o d ie s  were 
always p u t up to  check th a t  th e re  was no b in d in g  o f goa t an ti-m ouse 
IgG FITC to  Fc re c e p to r s .  F lu o resc in g  c e l l s  were counted u sin g  a
m icroscope w ith  e p i- i l lu m in a t io n ,  f i l t e r  s e t s  fo r  FITC, and a phase
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c o n t r a s t  condenser. A minimum of 200 c e l l s  were counted fo r  a cc u ra te  
measurement, ig n o rin g  a re a s  of c e l l  clumping.
R esu lts  were expressed  as:
c e l l s  f l u o r e s c i n g  w i th  a  Mab X 100
% p o s i  t i v e  c e l l s  = -----------------------------------------------------------:----------------
t o t a l  num ber o f  c e l l s  in  f i e l d  o f  v ie w
Monoclonal a n tib o d ie s  form complexes w ith  membrane marker 
d e te rm in a n ts , t h e i r  d i s t r ib u t io n  on a c e l l  membrane i s  in flu en ced  by- 
s e v e ra l  f a c to r s  [12-13] d e sc rib ed  below. In  o rd e r to  p rev en t ex ten s iv e  
movement o f membrane components which could lead  to  “cap** form ation  
(c r o s s - l in k in g  o f membrane a n tig e n s )  and subsequent shedding o f “ caps** 
o r en d o cy to s is  o f membrane re c e p to r s ,  0.2% sodium a z id e  (a  m etabo lic  
in h ib i to r )  was added to  re a g e n ts , and th e  c e l l s  were kept on ic e  to  
p re v e n t shedding  o r en d o cy to s is  which a re  energy-dependent p ro c e sse s .
N ev erth e le ss  minimal membrane movement (p a tc h  fo rm atio n ) does 
occur even in  th e  p resence  o f a z id e ; in  f a c t  i t  i s  b e n e f ic ia l  s in c e  i t  
h e lp s  to  id e n t i f y  genuine membrane s ta in in g ,  b u t i s  d i s t i n c t  from th e  
b in d in g  o f IgG ag g reg a te s  o r complexes to  c e l l s  th a t  ex p ress  s tro n g  Fc 
re c e p to r s ,  which in  th e  l a t t e r  case  appear as l i t t l e  “ lumps** th a t  seem 
to  be l i f t e d  ou t from th e  p lane  o f th e  membrane and do n o t tend to  
show a l in e a r  a p p o s it io n .
A lso, r a r e ly ,  v ia b le  c e l l s  can show a weak b u t p e r f e c t  r in g  
s ta in in g  which i s  an a r t i f a c t ,  sometimes due to  overcon jugated  
commercial re a g e n ts . Dead c e l l s  s ta in  homogeneously and very  b r ig h t ly  
(F ig . 3 .3 ) .
FIG 3.3  TYPES OF FLUORESCENCE OBSERVED
A g  I S  E V E N L Y  D I S T R I B U T E D  O V E R  T H E  C E L L  S U R F A C E .  
W H E N  C E L L S  A R E  P R E - F I X E D  I N  F O R M A L I N
C R O S S  L I N K I N G  O F  A g ' s  B Y  M a b  I N  T H E  P R E S E N C E  O F  
A Z I D E  A T  4 « C  C A U S E S  P A T C H  F O R M A T I O N
W I T H O U T  T H E  P R E S E N C E  O F  A Z I D E  A N D  >  4 ® C  
P A T C H  F O R M A T I O N  C A N  B E C O M E  ' C A P  F O R M A T I O N ' . . .
)
. . .  W H I C H  I N  T I M E  I S  E I T H E R  
S H E D  O R  E N D O C Y T O S E D
S O L U B L E  I g  A G G R E G A T E S  B I N D  T O  F c  R E C E P T O R  
A N D  C A U S E  N O N  S P E C I F I C  F L U O R E S C E N C E
P E R F E C T  R I N G  S T A I N I N G  I N D I C A T E S  
O V E R C O N J U G A T E D  F I T C
D E A D  C E L L S  S T A I N  V E R Y  B R I G H T L Y  A L L  O V E R
A O F ' G O O D  I M M U N O F L U O R E S C E N T  L A B E L L I N G  I S  T O  O B S E R V E  C E L L S  O F  B  M O R P H O L O G Y .
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In d ir e c t  immunofluorescence (sandw ich method) was used [where th e  
f i r s t  la y e r  an tibody  was non f lu o re s c in g  unm odified Ig , and th e  second 
la y e r  an tibody  d ire c te d  a g a in s t  th e  f i r s t  was f lu o re s c in g ]  s in c e  i t  i s  
a more s e n s i t iv e  assay  (F ig . 3 .4 ) .  I t  i s  im portan t to  wash th e  sam ples 
w e ll when removing excess Mab s in ce  r e s id u a l  t r a c e s  o f th e  prim ary  
an tibody  in  th e  su p e rn a ta n t can form so lu b le  complexes w ith  th e  second 
an tibody  and bind  to  Fc re c e p to rs  on i r r e le v a n t  c e l l s .
I t  has been suggested  th a t  to  avoid v a r ia t io n s  due to  d i f f e r e n t  
b a tch es  o f re a g e n ts  and m onoclonals [14]and day to  day o b server 
v a r ia t io n s ,  PBMNC can be s to re d  frozen  a t  -  70 °C, in  10% DMSO and in  
l iq u id  n itro g e n  and s u c c e s fu lly  thawed w ithou t lo s s  o f T - c e l l  m arkers 
[15-16].
However i t  was decided  n o t to  do t h i s ,  b u t to  p rep a re  s l id e s  
im m ediately, s to r e  them as d e sc rib e d , and read  them when conven ien t. 
T able 3 .1  shows a l l  th e  Mab's used th roughout t h i s  p r o je c t ,  in c lu d in g  
th e i r  Ig  su b c la sse s  and s p e c i f i c i ty .
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Soton Mabs supplied as mouse ascites fluid preserved with sodium azide 
None of the Soton Mabs are able to fix C' . WR17 can fix rabbit, not 
human C' . 10’/. TA express neither WR16 nor 19. Wessex region Mabs WR16 
and 17 were secreted from hybridomas derived by fusion of the 
NS-Omyeloma cell line and splenocytes from BALB/c mice hyperimmunized 
with chronic lymphocytic leukaemia cells. WR19 Mab was secreted from a 
hybridoma derived by fusion of the NS-0 myeloma cell line and 
splenocytes from mice hyperimmunuzed with the human T-cel1 line HuT 78. 
□K series from Orthodiagnostics Ltd. Leu series from Becton Dickinson.
UCHT-1 from University College........ others from Coulter Diagnostics
Ltd.
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INDUCTION OF I L - 2  RECEPTOR
PBMNC were d i lu te d  to  1 x 10^/ml in  RPMI + 10% FCS and c u ltu re d  
in  1 ml a l iq u o ts  fo r  72 hours w ith /w ith o u t e i th e r  10 Mg/ml Con-A or 
0.1% PHA v :v  (o p tim al f i n a l  c o n c e n tra tio n s ) , in |J -sh a p e d  24-w ell 
c u l tu re  p la t e s ,  and h a rv ested  w ith  a rubber policem an, washed and 
d i lu te d  to  a p p ro p ria te  c o n c e n tra tio n s .
T
EFFECT OF PHMPSA ON ABILITY OF r - I L - 2  TO IN H IB IT ANTI-TAC 
BINDING AS ASSESSED BY FLUORESCENCE
C e lls  were h a rv ested  a f t e r  IL -2 re c e p to r  in d u c tio n , and d i lu te d
to  5 x 10^/ml in  PBSG and t r e a te d  w ith /w ith o u t 50 mM PHMPSA fo r  1 hour
° 6 a t  37 C, follow ed by thorough washing and d i lu t io n  to  4 x 10 /m l in
PBSG.
50 Ml sam ples were added to  (J -shaped w e lls  in  96-w ell 
m ic ro p la te s , and 5 Ml o f r - IL -2  added to  g ive  a f i n a l  c o n ce n tra tio n  o f 
1 Mg/ml and incubated  fo r  1 hour a t  37 °C w ith  th e  c e l l s .
Excess r - I l - 2  was then  washed o f f ,  and c e l l s  d i lu te d  to  4 x
610 /m l in  PBSA and t r e a te d  w ith  5 Ml IL -2 re c e p to r  Mab (su p p lie d  as 79 
Mg/ml) n e a t o r d i lu te d  1:10 or 1:1000, and then th e  c e l l s  were tr e a te d  
as in s tru c te d  in  Imm unofluorescence method s ta te d  p r e v io u s ly . .
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In  a l l  c ases  th e  fo llow ing  w e lls  were s e t  up:
MITOGEN TREATED CELLS FOLLOWED BY NO PHMPSA
c e l l s  t r e a te d  
w ith  no r - IL -2
c e l l s  t r e a te d  
w ith  r - IL -2
+ Mab (n e a t /d i lu te d )  
+ FITC 
should show 
max. flu o rescen ce
should show reduced 
o r no flu o rescen ce
-  Mab 
+ FITC 
c o n tro l  fo r  
non s p e c i f ic  
b in d in g  by 
FITC -  should 
show no f lu o r
MITOGEN TREATED CELLS FOLLOWED BY PHMPSA
+ Mab (n e a t /d i lu te d )
+ FITC
to  show e f f e c t  of 
PHMPSA on CD25 
ex p ress io n
c e l l s  t r e a te d  
w ith  no r - IL -2
c e l l s  t r e a te d  
w ith  r - IL -2
-  Mab 
+ FITC 
c o n tro l fo r  
non s p e c i f ic  
b in d in g  by 
FITC -  should 
show no f lu o r
to  v e r i f y  PHMPSA 
in h ib i t io n  o f r - IL -2  
b in d in g  and th e re fo re  
lo s s  of r - IL -2  in h ib i t io n  
o f Mab b in d in g
Two w e lls  were s e t  a s id e  to  measure background flu o re sc en c e  in  
non mitogen s tim u la te d  c u l tu re s  t r e a te d  w ith /w ith o u t PHMPSA, and th e se  
v a lu es  were s u b tra c te d  from a p p ro p ria te  w e lls  c o n ta in in g  m itogen 
s tim u la te d  c e l l s ,  such th a t  f lu o resc en c e  s o le ly  due to  s t im u la tio n  
w ith  m itogen could be c a lc u la te d .
168
PRODUCTION OF r - I L - 2  CONTAINING SUPERNATANTS 
 —  ,
PBMNC (1 x 10^/m l) were incubated  as 1 ml c u l tu re s  in  RPMI + 10%
FCS in  b io fre e z e  tu b es  w ith  loosened to p s , w ith /w ith o u t Con-A (10
/jg /m l, shown to  be o p tim a l) in  a hum id ified  atm osphere of 5% in
a i r  a t  37 °C fo r  24 hours. At th e  end o f th e  in cu b a tio n  p e r io d , the  
c e l l s  were washed tw ice  in  RPMI + 10% FCS c o n ta in in g  0.3M
a-m ethyl-m annoside ( to  g e t r id  of bound Con-A) and once in  RPMI and 
10% FCS and then  th e  c e l l s  were resuspended in 1 ml of medium and 
incubated  fo r  a f u r th e r  24 hours w ithou t m itogen. IL-2 o u tp u t peaked 
a t  48 hours, th u s  a  f i n a l  t o t a l  c u l tu re  p e rio d  o f 48 hours was used. 
The tu b es  were then c e n tr ifu g e d  a t  2000 RPM fo r  15 m in ., and 
su p e rn a ta n ts  c o lle c te d  and frozen  a t  -20 °C p r io r  to  assay .
CYTOSPIN PREPARATION FOR LOOKING AT CULTURES AFTER CON-A 
INDUCED SUPPRESSOR CELL GENERATION
Suppressor c e l l s  were g en era ted  in  the  u su a l 48-hour Con-A 
g e n e ra tin g  system , and then harv ested  u s in g  a rubber policem an. C e lls
o
were co n cen tra ted  to  1 x 10 /m l and 4 d rops o f u n tre a te d  o r Con-A
tre a te d  e f f e c to r  c e l l s  suspension  were added to  s e p a ra te  fu n n e ls  in
th e  cy to sp in  machine. The c y to sp in  was s e t  to  sp in  a t  400 -  450 RPM
fo r  10 m in ., and in  t h i s  tim e a j e t  o f c e l l s  was sh o t onto named g la s s  
s l id e s ;  excess m o istu re  was removed by f i l t e r  paper a tta ch e d  to  th e  
s l id e .  The c e l l s  were f ix e d  in  fo rm alin  vapour and a i r - d r ie d  and then 
s ta in e d  u s in g  May-Grunwaald/Giemsa s ta in .
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Fixed c e l l s  were immersed in  b u f fe r  fo r  2 - 5  m in ., then 
t r a n s fe r r e d  to  May-Grunwaald s ta in  (d i lu te d  f r e s h ly  1:2 w ith  b u f f e r )  
fo r  5 min. The s l id e s  were then r in se d  by f lu s h in g  b u f fe r  over them, 
and f i n a l l y  th e  c e l l s  were s ta in e d  in  Giemsa s o lu tio n  ( f r e s h ly  d i lu te d  
1:5 in  b u f f e r )  fo r  15 m in ., and excess s t a in  removed w ith  b u f f e r .
To make a perm anent p re p a ra tio n  fo r  pho tog raph ic  purposes, th e  
c e l l s  wre mounted in  n e u tr a l  DEPEX mounting medium under a cover s l i p ,  
which was sea le d  w ith  n a i l  v an ish .
A SIMPLE MICROASSAY TO GENERATE “ EDUCATED CELLS” FOR 
QUANTIFICATION OF I L - 2  ACTIVITY IN MITOGEN-STIMULATED 
CELL SUPERNATANTS
Based on a method by Is tv a n  Ando [29].
A sim ple s h o r t  term  c u l tu re  in  v i t r o  assay  was used to  q u a n t i ta te  
human r- IL -2  based on spontaneous “ educating** of p e r ip h e ra l  blood 
T - c e l ls  in  t i s s u e  c u l tu re  by FCS and subsequent ex p ress io n  o f th e  
IL-2 re c e p to r  a f t e r  10 days. The r e s u l t s  o b ta ined  w ith  t h i s  assay  
ag ree  w ith  th o se  o f a ssay s  which u t i l i s e  IL -2 dependent T - c e l l  c lo n es  
( e .g .  CTLL-2), b u t i t s  advantage i s  th a t  i t  i s  h ig h ly  s e n s i t iv e ,  
(u n lik e  RIA [30-31] o r ELISA [32] methods, which a re  10 to  50 tim es 
le s s  s e n s i t iv e  than  b io a ssa y s )  down to  pg c o n c e n tra tio n s  
(p h y s io lo g ic a l c o n c e n tra tio n s )  th u s  s u i ta b le  fo r  t h i s  s tu d y  where low 
c o n c e n tra tio n s  were expected . O ther advan tages a re  th a t  i t  i s  
re p ro d u c ib le , easy  to  perform , le s s  prone to  mycoplasma con tam ination
170
( i t  i s  d i f f i c u l t  to  f in d  m ycoplasm a-free c e l l  l in e  s to c k s , and such 
con tam ination  reduces s e n s i t i v i t y ,  accuracy , and r e p r o d u c ib i l i ty  of 
IL -2  a ssay s  [3 3 ]) and does n o t need to  be grown co n tin u o u sly  -  as 
c y to tx ic  T-lymphoid l in e s  ( e .g . CTLL-2) do, s in c e  they  lo o se  v i a b i l i t y  
on fre e z in g  and thawing - ,  nor does i t  r e q u ire  th e  c o s t  o f m a in ta in in g  
mice i f  a  mouse CON-A b la s t  system  was to  be used.
PBMNC were c u ltu re d  in  2 ml volumes in  RPMI + 10% FCS in
U -sh ap ed  24-w ell p la te s  fo r  10 days a t  0 .5  x 10 /m l in  th e  absence of 
m itogens. C e l ls  were ha rv ested  w ith  a rubber policem an and termed 
“ educated cells** s in c e  they  now b ear high a f f i n i t y  IL-2 re c e p to r s .
Use o f leduoated c e l l s !  1c quantify ILz2 in  supernatants
The “ educated cells** were h a rv ested  u s in g  a rubber policem an, and 
washed 3 tim es in  RPMI + 10% FCS, then d i lu te d  to  0 .2  x 10^/m l. 100 Ml 
were added to  a p p ro p ria te  w e lls  in  U -sh ap ed  96-w ell p la te s .  The c e l l s  
were c u ltu re d  fo r  4 days in  th e  p resence  o r absence o f 10 Ml r - IL -2  in  
v a rio u s  f i n a l  doses 1000 -  0.001 U/ml to  g iv e  a s tan d a rd  curve to  
which IL -2 in  sample su p e rn a ta n ts  could be compared. The c e l l s  were 
p u lsed  w ith  1 M Ci/well [^H ]-thym idine ([^H]-TdR) fo r  th e  l a s t  4 hours
3
o f th e  c u l tu re  p e r io d , and th e  amount o f [ H]-TdR in co rp o ra ted  was 
measured u s in g  a /3 - s c in t i l l a t io n  co u n te r . .
When a ssay in g  sample su p e rn a ta n t, 10 Ml RPMI was added to  w e lls  2 
to  6. 10 Ml n e a t su p e rn a ta n t was added to  w ell 1 and 10 Ml su p e rn a ta n t 
d o u b le -d ilu te d  in  RPMI from w e lls  2 to  6, g iv in g  f i n a l  d i lu t io n s  of 
1:10 to  l:3 2 0 j s in ce  100 Ml “ educated cells** was added to  each w e ll.
171
/
IL -2 in  su p e rn a ta n ts  was c a lc u la te d  from in d iv id u a l t i t r a t i o n  
cu rves u s in g  a p o in t  on th e  curve cau sin g  maximal s t im u la tio n  o f 
“ educated cells**, o r any p o in t on the  curve th a t  d o u b le -d ilu te d  ou t 
and r e s u l t s  expressed  as  IU IL -2/10^ PBMNC.
“ Educated cells** have th e  advantage th a t  they  can be fro zen  in
medium + 10% DMSO w ith o u t lo s s  o f a c t i v i t y ,  so long as  they  a re  only
thawed once; th u s , a l l  su p e rn a ta n ts  can be s tu d ie d  in  one b a tc h , i f  so 
d e s ire d .
THE EFFECT OF PHMPSA ON l z J I - I L - 2  BINDING TO IL -2 R  ON HuT 
1 0 2 /B 2  CELLS ( w h ic h  e x p r e s s  IL -2 R  a t  h ig h  d e n s i t y )
PHMPSA was s o lu b i l i s e d  in  PBS (x  1) and incubated  fo r  1 hour a t
4  R •
37 C w ith  4 x 10 c e l l s /m l  a t  a f in a l  c o n c e n tra tio n  o f 50 mM. The
c e l l s  were then  washed 3 tim es in  RPMI + 10% FCS + 0.5% a z id e , and
6 5then d i lu te d  to  4 x 10 c e l l s /m l and 50 m 1 (2 x 10 c e l l s )  were
a liq u o te d  to  w e lls  in  th e  f i l t r a t i o n  p la te  to  which e i th e r  50 Ml o f
medium or co ld  IL -2 (1 Mg/ml) was added, and l e f t  fo r  20 min. a t  room
tem peratu re  (found to  be e q u a lly  good as 1 hour a t  37 °C ),fo llo w ed  by 
12550 Ml o f I - IL -2  (5 n C i/w e ll)  fo r  45 min. a t  room tem peratu re  (found 
to  be eq u a lly  good as  30 min a t  37 °C). A fte r  3 washes in  RPMI + 10%
FCS + 0 .5%  az id e  to  remove unbound la b e l ,  u s in g  th e  96-w ell m ic r o t i t e r  
f i l t r a t i o n  p la te  (hav ing  a p o ro s i ty  of 5 Min p e rm ittin g  removal o f 
unbound la b e l by ap p ly in g  vacuum to  the  u n d e rs id e  o f th e  p l a t e ) .
The p la te  was then  o ven -d ried  a t  60 °C fo r  30 min. . F i l t e r  d is k s
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from each w e ll were then  punched ou t and counted by a r - c o u n te r .  A ll 
sam ples were in  d u p l ic a te  o r q u a d ru p lic a te , and CPM expressed  as  th e  
average o f th e se .
The co ld  IL -2  served  as a p o s i t iv e  c o n tro l to  t e s t  fo r
s p e c i f i c i t y ,  and th e  medium served  as a n e g a tiv e  c o n tro l .  S p e c if ic i ty  
125of I - IL -2  in te r a c t io n  w ith  th e  IL-2 re c e p to r  was shown by f in d in g
125th a t  co ld  t r a n s f e r r in  o r co ld  IL-1 do no t in h ib i t  I - IL -2  b in d in g ,
125whereas co ld  IL -2  d oes. For t h i s ,  bound I - IL -2  was v is u a l is e d
d i r e c t ly  onto  an au to rad io g rap h  by sandw iching an X-Ray f ilm  between
th e  p la te  and an in te n s ify in g  sc reen , l e f t  in  a  sea le d  b lack  p l a s t i c
bag a t  -70 °C fo r  48 hours. The X-Ray film  was developed a f t e r  2 days,
125and in h ib i t io n  o f I - IL -2  b in d in g  to  HuT c e l l s  was in d ic a te d  by an 
a re a  o f le s s  exposure on th e  au to rad io g rap h .
The e f f e c t  o f PHMPSA on subsequent b in d in g  o f ho t IL -2 was 
expressed  as r e l a t i v e  % p r o l i f e r a t io n  d e fin ed  a s :
CPM a f t e r  PHMPSA t r e a t m e n t  ± r I L - 2
 1
CPM b e f o r e  PHMPSA t r e a t m e n t  ± r I L - 2
X 100
where a n e g a tiv e  % re p re se n ts  in h ib i t io n  o f hot b in d in g  and a p o s i t iv e  
% re p re se n ts  enhanced hot b in d in g , 0% re p re se n ts  no e f f e c t  by PHMPSA
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RED CELL LYSING- SOLUTION FOR PBMNC
( to  p rep a re  PBMNC fo r  c e r ta in  CON-A induced su p p re sso r assay  
experim ents and fo r  f lu o re s c e n t  s tu d ie s  w herever n e ce ssa ry )
Stock (x  IQ)
Ammonium c h lo r id e .....................................  8.260 g
Potassium  b ic a rb o n a te ............................  1.000 g
Tetrasodium  EDTA.......................................  0 .037 g
D eionised w a te r ................. t o ....................... 50 ml
A djust pH to  7 .3
D eio in ised  w a te r ............... t o  100 ml
Working s o lu t io n  (x  1)
D ilu te  s to ck  1:10 w ith  d e io n ised  w ater. ’
Both s o lu tio n s  s to re d  a t  room tem peratu re  in  t i g h t ly  s toppered  
c o n ta in e rs .
D iscard  bo th  a f t e r  1 week.
2 ml ly s in g  s o lu tio n  was added to  th e  PBMNC p e l l e t  and vo rtexed  
im m ediately and l e f t  to  in cubate  a t  room tem peratu re  (o r  i f  n ece ssa ry
o
a t  37 C) fo r  5 to  10 min. u n t i l  ly s i s  was com plete and the
su p e rn a ta n t appeared tra n s p a re n t  red . T his procedure was rep ea ted  i f
th e re  was s t i l l  red  c e l l  contam ination^ and th e  ly s in g  s o lu tio n
remoyed by washes in  PBSG follow ed by c e n tr i fu g a t io n  a t  400 g fo r  5
m in.
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COMPLEMENT MEDIATED CELL CYTOLYSIS USING Mab RF T8
C e rta in  Mab's can bind  complement and ly se  c e l l s  which b ea r th e  
Ag fo r  wich th e  Mab i s  s p e c i f ic .  T h is m ethodology was used to  ly se
CD8+ c e l l s  produced in  th e  Con-A s tim u la te d  su p p re sso r c e l l  g e n e ra tin g  
system  of th e  Con-A induced su p p resso r a ssay .
Con-A and u n tre a te d  e f f e c to r  c e l l s  were counted and co n cen tra ted
g
in to  p e l l e t s  which were resuspended in  n e a t RFT8 by adding 30 fJ 1/10 
c e l l s ,  th e se  were then  l e f t  a t  4 °C fo r  30 min.(shown by v i a b i l i t y  and 
flu o re sc en c e  m arker s tu d ie s  to  be a r a t i o  which i s  100% e f f i c i e n t  inr
removing T8 c e l l s ,  b u t n o t to  a f f e c t  v i a b i l i t y ) .  During t h i s  p e r io d , 
r a b b i t  complement was allow ed to  warm to  room tem p era tu re , and then
re c o n s t i tu te d  in  1 ml d e io n ised  w ater, and f i l t e r  s t e r i l i s e d  in to
s t e r i l e  b ijo u x  b o t t l e s .
An equal volume o f r a b b i t  complement was added to  c e l l s  + RF T8
( c la s s  IgM). For a  complement c o n tro l ,  sam ples o f u n tre a te d  o r Con-A 
tr e a te d  c e l l s  were t r e a te d  w ith  complement a lo n e , re p la c in g  th e  EH T8 
volume w ith  an equal volume o f RPMI + 10% FCS. The c e l l s  were l e f t  
w ith  complement fo r  45 -  60 min. a t  37 C, and then  washed 3 tim es in
medium and used in  th e  u su a l way in the  Con-A induced su p p resso r
assay .
U n til  u se , EH T8 and r a b b i t  complement must be s to re d  fro zen  a t
-20 C, thawed once, and then d isc a rd e d .
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SERUM THIOL LEVELS MEASURED USING ELLMAN' s REAGENT (DTNB)
[34].
3-5 ml venous blood was withdrawn and p laced  in to  a p la in  g la s s  
tube and allow ed to  co ag u la te  a t  room tem peratu re  fo r  1 hour b e fo re  
c e n tr ifu g in g  to  s e p a ra te  serum. Serum sam ples were s to re d  a t  -  20 °C 
fo r  2 months b e fo re  u se . S to red  sam ples do show a f a l l  in  serum th io l s  
compared to  f r e s h  sam ples, b u t t h i s  f a l l  p la te a u s  ou t by 2 months, 
th u s  a l l  sam ples a re  comparable again  a t  t h i s  p o in t [35].
A 10 Ml sample was re a c te d  w ith  170 m1 of 0 .1  M phosphate 
b u f fe r  C pH 7 .4 , and 20 Ml o f f r e s h ly  p repared  0 .8  mg/ml 
5 ,5 '- d i th io - b is ( 2 - n i t r o b e n z o ic  a c id )  [DTNB].
The re a c tio n  v e s s e l was [J -shaped w e lls  in  a 96 m icrow ell NUNC 
Immuno I  p la te .
Sample b lanks were p repared  by a d d itio n  of 10 Ml sample to  190 Ml 
b u ffe r  C. A p o s i t iv e  low c o n tro l serum, in  the  form of newborn c a l f  
serum, was used in  each run to  check fo r  in te r -b a tc h  v a r i a b i l i t y .  The 
w e lls  were covered w ith  N escofilm , and incubated  a t  37 °C fo r  20 m in ..
The absorbance o f the  yellow  th io n itro b e n z o ic  a c id  (TNB-SH) was 
read a t  440 nm on a Dynatech ELISA re a d e r , a t  pH 7 .4  t h i s  c o n s t i tu te s  
t o t a l  serum th io l  le v e ls  i . e .  bo th  “ slow ” and “ f a s t ” re a c t in g  SH 
groups. 1 mole TN-SH i s  l ib e ra te d  by re a c tio n  of 1 mole serum SH w ith  
DTNB.
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Serum th io l  le v e ls  were c a lc u la te d  by re fe re n c e  to  a s tan d ard  
curve (0 .1  -  1 mM; F ig . 3 .5 ) .  The s tan d a rd  curve was s e t  up ra p id ly  
because g lu ta th io n e  i s  q u ic k ly  o x id ised  in  th e  a i r ,  and would g ive  
f a l s e ly  low r e s u l t s .  However, once th e  re a c tio n  i s  com pleted th e  
co lo u r in te n s i ty  i s  v e ry  s ta b le  as seen in  F ig . 3 .6 .
POKEWEED MITOGEN (PWM) DOSE-RESPONSE CURVE
PWM (a  p o ly c lo n a l non s p e c i f ic  B -c e ll  a c t iv a to r )  was used to  
s tim u la te  PBMNC to  produce immunoglobulins a s  su p p lied  as  a 
f r e e z e -d r ie d  sample which was re c o n s t i tu te d  w ith  4 ml s t e r i l e  
d e io n ised  w ater. 200 fj 1 a l iq u o ts  o f t h i s  s to ck  s o lu t io n  were frozen  a t  
-20 °C in  s t e r i l e  b ijo u x  b o t t l e s  u n t i l  u se .
P r io r  to  an experim ent an a l iq u o t  was thawed and d i lu te d  
a p p ro p r ia te ly , such th a t  a d d itio n  of 10 Ml to  200 /^l c u l tu re s  o f c e l l s
g
a t  1 o r 2 x 10 /m l would g iv e  f i n a l  d i lu t io n s  rang ing  from 1:20 to  
1:2000. In sam ples where no PWM was added, an e q u iv a le n t volume of 
RPMI + 10% FCS was in c lu d ed .
C u ltu re s  were c a r r ie d  ou t in  [J -sh ap ed  96-w ell c u l tu re  p la te s .
The c u l tu re s  were p laced  in  a 37 °C hum idified  in cu b a to r fo r  
u s u a lly  1 week, be ing  c o n s ta n tly  gased w ith  a m ix ture  o f a ir/5%  CC^, 
and su p e rn a ta n ts  h a rv ested  and frozen  a t  -20 °C u n t i l  IgG/IgM 
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ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA)
i
S u p ern a tan ts  from c e l l  c u l tu re s  were h a rv ested  and assayed  fo r  
th e  p resen ce  o f IgM or IgG by ELISA.
100 Ml o f an op tim al d i lu t io n  (1 :200  in  c o a tin g  b u f f e r )  o f g o a t 
anti-hum an p o ly v a le n t Ig  were d ispensed  in to  each w ell o f a  96-w ell 
NUNC Immuno I  ELISA p la te .  The p la te  was coverd w ith  N escofilm  and 
incubated  fo r  1 hour a t  37 °C under humid c o n d itio n s . The p la te  was 
e i th e r  used im m ediately o r s to re d  frozen  u n t i l  needed, p r io r  to  th e  1 
hour in cu b atio n  s te p .
The p la te  was then  washed 3 tim es w ith  c o a tin g .b u f fe r  to  g e t  r id  
o f excess p o ly v a le n t, and f lu id  f o r c e f u l ly  removed by in v e r t in g  the  
p la te  onto paper tow els.
100 Ml PBS/BSA was added to  each w e ll, and th e  p la te  covered w ith  
N escofilm  to  p rev en t edge e f f e c t s .  BSA p rev en ts  n o n -s p e c if ic  b in d in g  
o f IgG or IgM in  th e  s u p e rn a ta n t.
PBS/BSA was l e f t  in  th e  w e lls  fo r  1 hour a t  37 °C in  a humid 
atm osphere, then  100 Ml of each c u l tu re  su p e rn a ta n t was d o u b le -d ilu te d  
a c ro ss  6 w e lls .
100 Ml of a  s tan d a rd  IgG/IgM c o n ta in in g  s o lu t io n  was 
d o u b le -d ilu te d  from p o s i t io n s  2 to  12 in  th e  f i r s t  row of th e  p la te ,  
w e ll A1 se rv in g  as  a reag en t b lank .
The p la te  was covered w ith  N escofilm  and incubated  fo r  1 hour a t
O
37 C m  humid c o n d itio n s , then  th e  w e lls  were washed thorough ly  w ith
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PBS/Tween and tapped d ry  onto paper tow els.
100 Ml a lk a l in e  phosphatase  con jugated  g o a t anti-hum an IgG 
(d i lu te d  1:1000 in  PBS/Tween) o r anti-hum an IgM (d i lu te d  1:3000 in  
PBS/Tween) was added to  each w e ll, and th e  p la te  covered w ith  
N escofilm  and incubated  fo r  1 hour a t  37 °C in  humid c o n d itio n s , 
follow ed by e x te n s iv e  washing w ith  PBS/Tween and -thorough tap p in g  out 
of excess  co n ju g ate .
100 Ml a lk a l in e  phosphatase  s u s b s t r a te  i . e .  p -n itro p h e n y l 
phosphate (1 mg/ml) in  d ie thano lam ine  b u f f e r  pH 9 .6 , was added to  each 
w e ll, and th e  co lo u r allow ed to  develop  a t  room tem p eratu re  w ithou t 
covering .
Once th e  top  IgG o r IgM s tan d a rd  had reached an absorbance o f 1 .0  
a t  405 nm, th e  p la te  was ra p id ly  read  in  a Dynatech micro-ELISA 
re a d e r . IgG/IgM c o n c e n tra tio n  o f unknown su p e rn a ta n ts  were determ ined  
by re fe re n c e  to  th e  s tan d a rd  IgG/IgM c a l ib r a t io n  curve (2 to  2000
ng /m l), s im u ltan eo u sly  c o n s tru c te d  .
C a lc u la tio n s  were a ided  by th e  use o f a computer program th a t
could p lo t  s tan d a rd  cu rves and e lim in a te  unwanted p o in ts  n o t on th e
l in e a r  p o r tio n  o f th e  curve , in o rd e r to  c o n s tru c t th e  l in e  of b e s t
f i t  th rough  th e  rem aining p o in ts .  Using such a s tan d a rd  cu rve ,
su p e rn a ta n ts  c o n c e n tra tio n s  were a u to m a tic a lly  c a lc u la te d ,  and a
p r in to u t  o f r e s u l t s  produced. R esu lts  were ob ta in ed  in  ng/ml
Rsu p e rn a ta n t and s in c e  t h i s  con ta in ed  10- PBMNC, r e s u l t s  were f in a l ly  
expressed  as  ng/10 PBMNC.
I
SHORT-LIVED SUPPRESSOR ASSAY (SLSA) [36]
0
PBMNC were is o la te d  as u su a l, 100 p i  o f 1 x 10 /m l suspension  
p laced  in  |J  -shaped 96-w ell m ic ro t i te r  p la t e s .  Some sam ples were 
s tim u la ted  im m ediately w ith  v a rio u s  c o n c e n tra tio n s  o f Con-A (0 , 0 .1 ,
1, 5 , 10, pg /m l) fo r  96 hours, o th e r sam ples were l e f t  fo r  24 hours 
w ith  no m itogens, and then s tim u la te d  w ith  m itogen fo r  a f u r th e r  72 
h o u rs .
Experim ents fo r  each s e t  o f c o n d itio n s  were c a r r ie d  out in
3
t r i p l i c a t e .  In  th e  l a s t  4 hours of c u l tu re ,  1 pCi [ H]-TdR was added 
p e r w e ll.
Suppressor a c t i v i t y  was expressed  as a  su p p resso r index (S I ) ,  
g iven  by th e  form ula:
CPM f o r  m i to g e n  s t i m u l a t e d  CPM f o r  non m ito g e n
c u l t u r e  i n c l u d i n g  24 h . no -  s t i m u l a t e d  c u l t u r e
m ito g e n  p r e - c u l t u r e  p e r i o d  i n c l u d i n g  24 h no
m ito g e n  p r e - c u l t u r e  
p e r  io d
S i = ----------------------------------------------------------------------------------------------------------------------
CPM f o r  m ito g e n  s t i m u l a t e d  CPM f o r  non m ito g e n
c u l t u r e  w i th  no p r e - c u l t u r e  -  s t i m u l a t e d  c u l t u r e
p e r i o d  w i th  no p r e - c u l t u r e
p e r  io d
A 24 hour p re -c u l tu re  p e rio d  had been shown to  be o p tim a l, s in c e  
i f  longer c u ltu re  p e r io d s  were used , u n s tim u la ted  c e l l  co u n ts  became 
v ery  high and SI dropped due to  s u b tra c tio n  o f th e se  high v a lu e s .
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CONCANAVALIN-A INDUCED SUPPRESSION IN A DOUBLE CULTURE 
SYSTEM ( F i g  3 . 7 )
The l e c t in  Concanavalin-A  in  a d d itio n  to  i t s  a b i l i t y  to  induce 
lymphocyte tra n fo rm a tio n  [37] and “ le c t in  dependen t” lymphocyte 
c y to to x ic i ty  [3 8 ], a lso  s t im u la te s  a lymphocyte sub p o p u la tio n  to  
g e n e ra te  su p p resso r c e l l  a c t i v i t y  [39 ]. Two in d ic a to r  system s were 
used to  dem onstra te  t h i s  in d u c ib le  su p p re ss io n :
A] A PWM B -c e ll  s tim u la te d  system  to  in v e s t ig a te
Con-A induced su p p ress io n  o f IgG or IgM s y n th e s is
•
B] A PHA s tim u la te d  b l a s t  c e l l  system  to  in v e s t ig a te  
su p p ress io n  o f T - c e l l  p r o l i f e r a t i o n  by Con-A 
induced su p p resso r c e l l s .
CQNzA induced suppressor a c t i v i t y  as measured by su p p ress io n  o f  IgG o r  
IgM s y n th e s is  I4Q ,4 0 b ;L.
PBMNC were sep a ra te d  and d i lu te d  1 x 106/m l in  RPMI + 10% FCS and 
s tim u la te d  w ith /w ith o u t 10 Mg/ml Con-A. A fte r  48 hours th e  c e l l s  were 
h a rv ested  w ith  a rubber policem an and washed once w ith  c u l tu re  medium 
and 3 tim es w ith  medium c o n ta in in g  0.3M ot-m ethyl-m annoside ( to  remove 
c e l l  bound CON-A), and once again  in  a-m ethylm annoside f r e e  medium.
Con-A tr e a te d  c e l l s  were termed “Con-A e f f e c to r  c e l l s ” and 
non-m itogen t r e a te d  c e l l s  termed “UNT -  e f f e c to r  c e l l s ” . Both 
p o p u la tio n s  o f e f f e c to r  c e l l s  were a d ju s ted  to  2 x 10 /m l.
CO NCANAVA LIN-A INDUCEQ SU P P R E S S O R  CELL A C TIV ITY
i s t  c u ltu r e  2nd c u t t u r t
u m t :
LYMPHOCYTES ALONE -
CONTROL ^  
"^PO PULATIO N
FRESH 
CELLS ' -►IMMUNE RESPONSE
Con-A t*
LYMPHOCYTES ♦ C o n - A -
J






4 9  h .^rccuLture Co c u l t  ore
FIGURE 3 .7  Diagramatic representation of the double 
culture assay for concanavalin-A induced suppression.
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100 fJl o f each were s e p a ra te ly  mixed w ith  100 i-i 1 of f r e s h ly
g
p rep ared  au to logous PBMNC a t  2 x 10 /m l, to  g iv e  an e ffe c to r-.re sp o n d er 
c o c u ltu re  r a t i o  of 1 :1 .
C e l ls  were c u ltu re d  in  (J -shaped 96-w ell m ic r o t i t e r  p la te s  in the  
p resen ce  o f PWM 1:200 d i lu t io n  fo r  1 week. S u p e rn a tan ts  were 
h a rv ested  and IgG and IgM c o n te n ts  a sse ssed  by ELISA (F ig . 3 .8 ) .
IgG and IgM s y n th e s is  in  th e  CON-A induced su p p resso r a ssay  was 
exp ressed  a s  r e l a t iv e  % Ig  s y n th e s is  a s  d e fin ed  by th e  fo llo w in g  
form ula ( t h i s  method was f e l t  to  v is u a l ly  d e p ic t  su p p ress io n  more 
c lo s e ly )
r e l a t i v e  
% Ig  = 
s y n th e s is
I g  ( n g /1 0 ^ R e s p . )  fro m  I g  ( n g /1 0 ^ R e s p . ) from
Con-A  c o c u l t u r e  
s t i m u l a t e d  w i th  
1 :2 0 0  PWM
Con-A  c o c u l t u r e  in  
a b s e n c e  o f  PWM
-  1
I g  ( n g /1 0  R e s p . )  fro m  
UNT -  c o c u l t u r e  
s t i m u l a t e d  w i th  
1 :2 0 0  PWM
I g ( n g / 1 0  R e s p . )  from 
UNT -  c o c u l t u r e  in 
a b s e n c e  o f  PWM
X 100
Ig  was expressed  as ng/10 responder c e l l s
T h ere fo re  a n e g a tiv e  r e s u l t  in d ic a te d  % su p p ress io n  o f IgG or IgM 
s y n th e s is ,  and more p re c is e ly  "-100% re p re se n te d  com plete su p p ress io n  
of Ig  s y n th e s is  r e l a t iv e  to  th a t  in  th e  UNT c o c u ltu re ;  a p o s i t iv e  
r e s u l t  in d ic a te d  % enhancement o f IgG or IgM s y n th e s is  r e l a t i v e  to  
th a t  in  th e  UNT c o c u ltu re ; zero  % in d ic a te d  th a t  IgG or IgM sy n th e s is
FICOLL HYPAQUE
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FIGURE 3 . 8 -  P r o t o c o l  f o l l o w e d  i n  t h e  d o u b l e  c u l t u r e  m o d e l  
f o r  Con-A in d u c e d  s u p p r e s s i o n .
Suppressor cells being demonstarted by assessing their effects on Ig 
synthesis from B-cells in response to PWM, a non specific polyclonal 
B-cell activator.
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in  th e  CON-A c o c u ltu re  was e q u iv a le n t to  th a t  in  th e  UNT c o c u ltu re .
CON-A induced su p p resso r a ctiv ity  as measured by suppression of 
p r o l i f e r a t i o n  f391
Con-A induced p u ta t iv e  su p p resso r e f f e c to r  c e l l s  were gen era ted  
as  u s u a l-  Both UNT and Con-A e f f e c to r  c e l l s  were t r e a te d  w ith  
Mitomycin C (50 Mg/ml) fo r  35 min. a t  37 °C, and then washed 3 tim es 
w ith  0.3M a-m ethyl-m annoside in  RPMI + FCS ( to  remove c e l l  bound 
Con-A) which would o th erw ise  s t im u la te  responder c e l l s  in  th e  
c o c u ltu re . C e lls  were washed once more in  c u l tu re  medium and
g
resuspended a t  1 x 10 /m l.
100 Ml of bo th  e f f e c to r  c e l l s  suspension  were s e p a ra te ly  mixed 
w ith  100 Ml o f f r e s h ly  p repared  au to lo g u s  responder c e l l s  ( a t
g
1 x 10 /m l) to  g iv e  an e f f e c to r  .-responder r a t i o  o f 1 :1 .
C u ltu re  were s e t  up in  t r i p l i c a t e ,  and s tim u la te d  w ith  0.1% PHA 
( v /v ) ,  shown to  be an op tim al m itogen ic  dose fo r  p r o l i f e r a t i o n ,  and 
c u ltu re d  fo r  72 hours.
3
The c e l l s  were p u lsed  w ith  1 MCi [ H]-TdR 4 hours b e fo re  th e  end
3o f th e  c u l tu re  p e r io d , and [ H]-TdR in c o rp o ra tio n  was d e te c te d  by 
/7 - s c in t i l l a t io n  co un ting  (F ig . 3.9).
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FIGURE-3.9 P r o t o c o l  f o l l o w e d  i n  t h e  d o u b l e  c u l t u r e  m o d e l  
f o r  Con-A in d u c e d  s u p p r e s s i o n .
Suppressor cells being demonstrated by assessing their effects on lymphocyte 
proliferation in response to the non specific mitogen PHA.
C e ll p r o l i f e r a t io n  in  the  CON-A induced su p p resso r a ssay  was 
expressed  as r e l a t iv e  % p r o l i f e r a t io n  as d e fin ed  by th e  fo llo w in g  
form ula:
r e l a t iv e
%
p r o l i f .
CPM o f  Con-A  
c o c u l t u r e  in  
p r e s e n c e  o f  PHA
CPM o f  Con-A 
c o c u l t u r e  in  
a b s e n c e  o f  PHA
-1  X 100
CPM o f  UNT 
c o c u l t u r e  in  
p r e s e n c e  o f  PHA
CPM o f  UNT 
c o c u l t u r e  in  
a b s e n c e  o f  PHA
Where a n eg a tiv e  r e s u l t  in d ic a te d  sup p ress io n  o f p r o l i f e r a t i o n ,  
and more p re c is e ly  -  100% re p re se n te d  com plete su p p ress io n  o f
p r o l i f e r a t io n  r e l a t i v e  to  th a t  in  th e  UNT-coculture. A p o s i t iv e  r e s u l t  
in d ic a te d  % enhancement o f p r o l i f e r a t i o n  r e l a t iv e  to  th a t  in  th e  UNT-
c o c u ltu re , and a zero  r e s u l t  in d ic a te d  th a t  p r o l i f e r a t io n  in  th e  CON-A 
c o c u ltu re  was e q u iv a le n t to  th a t  in  th e  U NT-coculture.
C o n tro ls  were always c a r r ie d  o u t to  check th a t  m ytom icin-C .caused 
100% in h ib i t io n  o f p r o l i f e r a t i o n  o f Con-A or U n trea ted  e f f e c to r  c e l l s .  
Thus, th e  only  c e l l s  capab le  o f p r o l i f e r a t i n g  in  c o c u ltu re  were f r e s h  
responder c e l l s .
PREPARATION OF REAGENTS FOR NEUTROPHIL SEPARATION
££ Qgxtran solution
D extran (MW 500,000) ................................................  6 g
PBSG (x  1) ............................................  t o .................. 100 ml
S to red  a t  4 °C 
PBS (x  1 s tre n g th )
PBS t a b le t s  ....................................................................  10
D eionized w ater .................................  to  ...............  1 L i te r
F i l t e r  s t e r i l i z e d  and s to re d  in  s t e r i l e  c o n ta in e r  a t  4 °C fo r  
two weeks.
PBS (x  10 s t r e n g th )
PBS t a b le t s  .................................................................... 10
D eionized w ater .................................  to  ...............  100 ml
F i l t e r  s t e r i l i z e d  and s to re d  in  s t e r i l e  c o n ta in e r  a t  4 °C 
fo r  up to  two weeks.
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PBSG + Ca /M g2 '1' B u f f e r
PBS t a b l e t s  ....................................................................  10
Glucose ..................................... ....................................  1 .6 g
Calcium C h lo rid e  ....................................................... 0 .096 g
Magnesium C h lo rid e  ..................................................  0 .290 g
A djust pH to  7 .3  w ith  3M NaOH
D eionized w ater .................................  to  ...............  1 L i te r
F i l t e r  s t e r i l i z e d  and s to re d  in  s t e r i l e  c o n ta in e r  a t  4 °C 
two weeks.
P e rc o ll  s o lu t io n  (Iso -o sm o tic )  Ref [41-45]
S te r i l e  PBS (x  10 s tr e n g th )  .................................  10 ml
S te r i l e  S tock P e rc o ll  .................... to  ...............  100 ml
S to red  in  a s t e r i l e  c o n ta in e r  a t  4 °C fo r  up to  two weeks.
652 XZY P e rc o ll  s o lu t io n  (d e n s ity  1.083 g /m l)
S te r i l e  Iso -o sm o tic  P e rc o ll  .................................  65 ml
S te r i l e  PBSG (x  1) ..................................................... 35 ml
A djusted to  a  d e n s i ty  of 1.083 g/m l w ith  the  use  o f ? 
hydrom eter and s to re d  in  a s t e r i l e  c o n ta in e r  a t  4 °C.
Bed cell lysing fluid
Ammonium C h lo rid e  .......................................................  0 .83  g
D eionized w ater .................................  to  ................ 100 ml
F i l t e r  s t e r i l i z e d  and s to re d  in  s t e r i l e  c o n ta in e r  a t  4 °C
fo r  up to  
»
s t e r i l i z e d
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PREP.ARATIQN QE REAGENTS EQR SUPEKQXIDE ASSAY
Superoxide D ism utase (SOD) [ f re s h ly  p rep ared ]
2 .0  mg o f SOD was added to  2 ml o f PBSG (x  1) to  g iv e  a  s to ck  
s o lu tio n  o f 3000 u/m l which when d i lu te d  1:10 in  th e  re a c t io n  v e s s e l  
gave a f i n a l  c o n c e n tra tio n  o f 300 u /m l.
F erricv tochrom e G [ f r e s h ly  p repared ]
2+ 2+To 25 ml o f (PBS + Ca /Mg ) 33 .3  mg o f fe rricy to ch ro m e  C were 
added to  g iv e  a  s to c k  s o lu tio n  o f 107 mM which when d i lu te d  1 :1 .43  in  
th e  re a c tio n  v e s s e l  gave a f i n a l  c o n c e n tra tio n  o f 75 mM.
P re p a ra tio n  o f  s t im u li
FMLP and PMA were d is so lv e d  in  DMSO and s to re d  fro zen  a t  -70 °C 
u n t i l  re q u ire d . J u s t  b e fo re  use a l iq u o ts  were thawed and d i lu te d  in  
PBSG to  a d e s ire d  c o n c e n tra tio n . The f i n a l  DMSO c o n c e n tra tio n  in  th e  
re a c tio n  v e s s e l  was never allow ed to  exceed 0.01%; t h i s  c o n c e n tra tio n  
had no a n t i -o x id a n t  a c t i v i t y  a g a in s t  superox ide  g en era ted  by a 
X anth ine/X anth ine ox idase  system .
Cy to c h a la s  in-B
A s to ck  s o lu t io n  o f 0 .5  mg/ml in  d e io n ized  w ater was p repared  and 
a l iq u o ts  p laced  in  eppendorf tu b es  and frozen  a t  -20 °C u n t i l  needed.
J u s t  p r io r  to  use  an a l iq u o t  was thawed and 10 /j1 added to  1 ml 
o f n e u tro p h ils  to  g iv e  a f i n a l  c o n c e n tra tio n  o f 5 fjg/m l shown to  
s t im u la te  maximal superox ide  r e le a s e ,  b u t n o t to  reduce n e u tro p h il  
v i a b i l i t y  [4 6 ].
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n e u t r o p h il  s e p a r a t io n  and p u r i f ic a t i o n
N e u tro p h ils  were p u r i f ie d  by d e n s ity  g ra d ie n t c e n tr i fu g a t io n  o f 
e ry th ro c y te  d e p le te d  whole blood u s in g  a m odified method o f Segal e t
i
a l  (1980) [4 7 ].
H ep arin ised  venous blood (4 u/m l p re s e rv a tiv e  f r e e  h e p a rin )  was 
d i lu te d  50:50 w ith  PBSG. 8 ml of d i lu te d  blood were then  thoroughly  
mixed w ith  2 ml o f 6% d e x tra n  in  U bottomed po ly carb o n ate  c e n tr ifu g e  
tu b es  (which u n lik e  g la s s  o r p o ly s ty re n e  p rev en t adherence and 
a r t i f a c t u a l  n e u tro p h il  s tim u la tio n  [4 8 ]) and allow ed to  s tan d  fo r  30 
m inutes a t  room tem p era tu re , a f t e r  which tim e th e  m a jo rity  o f th e  
e ry th ro c y te s  had sedim ented to  th e  bottom of th e  tu b e . The 
le u k o c y te -r ic h  “b u f fy -c o a t“ suspension  was then c a r e f u l ly  lay ered  onto 
2 ml o f p e r c o l l  (d e n s i ty  1.083 g /m l) and c e n tr ifu g e d  fo r  30 m inutes a t  
400 g a t  room tem p era tu re .
The s e p a ra tio n  p ro c e ss . , sep a ra ted  two c e l l  p o p u la tio n s  as  shown 
in  th e  accompanying diagram  (F ig . 3 .1 0 ) . Mononuclear c e l l s  remained in 
a band a t  th e  in te r f a c e  between th e  p e rc o l l  and plasm a w h ils t  
g ran u lo c y te s  passed  th rough  th e  p e rc o l l  la y e r  to  form a p e l l e t  w ith  
any re s id u a l  e ry th ro c y te s .  The g ran u lo cy tes  p repared  in  th i s  way were 
considered  to  c o n ta in  a n e g l ig ib le  number o f e o s in o p h ils  and b a so p h ils  
and so were th e re fo re  term ed “ neutrophils** from now on in  th e  t e x t .
The c e l l  p e l l e t  was then  c a r e fu l ly  is o la te d ,  t r a n s fe r r e d  to  a new 
p o ly carb o n ate  c e n tr ifu g e  tube and washed once in  PBSG. A fte r  washing, 
th e  PBSG was removed and th e  c e l l  p e l l e t  was resuspended in 2 ml of 
s t e r i l e  0.83% w/v ammonium c h lo r id e  red  c e l l  ly s i s  f lu id  to  ly se  th e
\
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few rem aining red c e l l s .  The c e l l s  were l e f t  in  c o n tac t w ith  ammonium 
c h lo r id e  fo r  e x a c tly  10 m inutes a t  37 °C (shown no t to  a l t e r  
n e u tro p h il  v i a b i l i t y )  and then ra p id ly  n e u tr a l is e d  by adding 10 ml of 
PBSG. A fte r  a fu r th e r  two washes in  PBSG and c e n tr i fu g a t io n  a t  150 g 
th e  c e l l s  were resuspended in  1 ml of PBSG and counted by a l ig h t  
m icroscopy in  w hite  c e l l  co un ting  f lu id  and su b seq u en tly  d i lu te d  to  10 — 
x 106/m l in  PBSG.
C e lls  p repared  in t h i s  way were c o n s is te n t ly  > 95%
polym orphonuclear leukocy tes  as a sse ssed  by morphology ( th a t  i s  th e  
e a s i ly  id e n t i f i a b le  n e u tro p h il)  and > 95% v ia b le  as a sse ssed  by
t
a c r id in e  orange/eth idiU m  bromide.
SUPEROXIDE ASSAY METHODOLOGY
Using a m odified  method of P ick  e t  a l  [49]
T his method i s  based on th e  red u c tio n  of ferricy toch rom e-C  by 
superox ide, the  p roduct being  m easurable a t  550 nm.
10 Ml cy to ch a lasin -B  was added per ml of c e l l  suspension  to  g iv e  
a f i n a l  c o n ce n tra tio n  o f 5 Mg/ml. The c e l l s  were incubated  fo r  10
# o
m inutes a t  37 C to  maximize superox ide o u tpu t and then  added w ith  th e  
fo llow ing  ag en ts  to  LP3 re a c tio n  tubes to  g iv e  f i n a l  c o n c e n tra tio n s
p
per tube as fo llo w s: 75 mM fe rricy to ch ro m e  C, 300 u/m l SOD, 1 x 10 /m l
— R  ~
n e u tro p h ils ,  ± 5 x 10 H FMLP or ± 10 ng/m l PMA, found in p re lim in a ry  
experim ents to  be o p tim a lly  s tim u la to ry  (see  f i g .  4 .125 , 4 .126 ) and
0.01% DMSO.
I q s tim u la te d  t e s t  sam ples w ithout added SOD
Ai 700 Ml fe rricy to ch ro m e  C 
100 a/1 o f PMA or FHLP 
100 Ml o f PBSG 
100 Ml of n e u tro p h ils
To s tim u la te d  t e s t  sam ples w ith added SOD (s tim u la te d
c o n tr o l )
Bi 700 Ml ferr icytochrom e C 
100 Ml o f  PMA#or FMLP 
100 Ml o f  SOD 
100 Ml o f  n eu tro p h ils
Iq  r e s t in g  sam ples without SOD
Ci 700 Ml fe rricy to ch ro m e C 
200 Ml PBSG 
100 Ml n e u tro p h ils
To resting sam ples with SOD ( r e s t in g  c o n tro l)
Di 700 Ml fe rricy to ch ro m e  C 
100 Ml PBSG 
100 Ml SOD 
100 Ml n e u tro p h ils
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Reagent b lanks (A ii ,  B ii ,  C i i ,  D ii re s p e c t iv e ly )  were p repared  by 
re p la c in g  th e  100 Ml o f c e l l s  in th e  above w ith  PBSG. A ll tu b es  were 
incu b ated  a t  37°C fo r  10 m inutes, then p laced  on ic e  fo r  5 m inutes and 
spun fo r  10 m inutes a t  150 g a t  4 °C. 200 Ml o f su p e rn a ta n ts  were 
c a r e f u l ly  t r a n s fe r r e d  to  96 F-Nunc Immuno-I p la te s  and absorbances 
read  on an ELISA re a d e r a t  550 nm. F in a l absorbances were c a lc u la te d  
by f i r s t  s u b tra c t in g  a p p ro p ria te  reag en t b lan k s.
(Ai -  A ii)  = W 
(B i -  B i i)  = X 
(C i -  C i i)  = Y 
(Di -  D ii)  = Z
Then s u b tra c tin g  absorbances in  th e  p resence  o f SOD from th o se  in  
i t s  absence such th a t :
W -  X = P absorbance due to  superox ide  re le a se d
in  s tim u la ted  sample
Y -  Z = Q absorbance due to  superox ide  re le a se d
in  unstim u la ted  sample
F in a l ly  s u b tra c tin g  th e  absorbance due to  u n s tim u la ted  c e l l s  from 
th a t  o f s tim u la ted  c e l l s  i . e .  P -  Q = R, which i s  th e  absorbance 
s o le ly  due to  superox ide re le a se d  in response  to  FMLP or PMA.
The p resence  o f SOD se rv es  s o le ly  to  prove th a t  th e  substance  
th a t  i s  d e te c te d  i s  a c tu a l ly  superox ide. S ince th e  c o n c e n tra tio n  o f 
SOD i s  s u f f i c i e n t  to  d ism u ta te  a l l  superox ide  th a t  could  p o s s ib ly  be 
produced by n e u tro p h ils  under th e se  c o n d itio n s , the  r e s u l ta n t  
absorbance o f B i-B ii and D i-D ii should always be z e ro . Absorbances can 
then  be converted  to  nmol fe rricy to ch ro m e C reduced over th e  10 min.
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in cu b atio n  p e rio d  u s in g  the  fo llow ing  form ula:
A = E x C x L
B eer-L am bert's  law, where
A = Absorbance •
C = C on cen tra tio n  (mM)
L = Length o f l ig h t  p a th  (cm)
E = E x tin c tio n  c o e f f ic ie n t  of fe rricy to ch ro m e C 
(2 9 .5  mM"1 cm"1)
The len g th  o f th e  l ig h t  p a th  (L) was determ ined by m easuring th e  
ra d iu s  ( r )  o f the  ELISA p la te  w e lls  and then app ly ing  th e  form ula:
2
Volume = tt x r  x h
where h i s  th e  h ig h t o f the  l iq u id  in th e  w e ll and th e re fo re  
e q u iv a le n t to  th e  len g th  of the  l ig h t  p a th  (L ).
0 .2  cm3 = 3.142 x 0.3492 x h 
= 0.3848 x h 
th e re fo re  h = 0.520 cm
Absorbance = 29 .5  x C x 0.52 
= 15.34 x C 
th e re fo re  C = A /  15.34
^giving th e  c o n ce n tra tio n  as mM 
to  co n v ert C to  mM o r nmol/ml x 103 .
g
R esu lts  were expressed  as nmol/ml cytochrome-C reduced by 10 
c e l l s  in  10 m inutes.
192
BLOCKADE OF CELL SURFACE SULPHYDRYL GROUPS ON NEUTROPHILS 
OR PBMNC
C e ll  s u rfa c e  su lp h y d ry l groups were blocked w ith  in cu b a tio n  w ith  
p -h y d ro x y -m ercu rip h en y lsu lfo n ic  ac id  (PHMPSA, an i r r e v e r s ib le  non 
p e n e tr a t in g  t h i o l  b lo ck in g  ag en t) [50 ].
N eu tro p h ils  o r PBMNC were d i lu te d  to  5 x lO^/ml in  PBSG and h a lf  
t r e a te d  w ith  50 /j M PHMPSA (u n le s s  o th e rw ise  s ta t e d )  and th e  rem aining 
h a lf  l e f t  u n tre a te d . Both samples were then incubated  fo r  1 hour a t  37 
°C fo llow ed by 3 washes w ith  PBSG, th e  c e l l s  were p e l le te d  in-betw een 
washes by sp in n in g  a t  250 g fo r  10 m in ., and then  n e u tro p h ils  were 
resuspended in  PBSG a t  a  f in a l  c o n c e n tra tio n  10 x 10^/ml p r io r  to  th e  
su p erox ide  a ssay , b u t th e  PBMNC were resuspended in  RPMI + FCS a t  an 
a p p ro p r ia te  c o n c e n tra tio n  depending on th e  assay  fo r  which th ey  were 
to  be u sed .
Where th e  e f f e c t  o f PHMPSA on Ig  s y n th e s is  was co n sid e red , 
r e l a t i v e  % Ig  s y n th e s is  was d e fin ed  as fo llo w s:
I g  s y n t h e s i s  ( 1 :2 0 0  PWM-BKG)
 . •  f ro m  PHMPSA-Rx c u l t u r e sr e l a t i v e  
% Ig  
s y n th e s is I g  s y n t h e s i s  ( 1 :2 0 0  PWM-BKG)
-  1 x 100
fro m  u n t r e a t e d  c u l t u r e s
I g  e x p r e s s e d  a s  n g /1 0 ^  PBMNC
Where th e  e f f e c t  o f PHMPSA on p r o l i f e r a t i o n  was co n sid e red , 
r e l a t i v e  % p r o l i f e r a t i o n  was de fin ed  as fo llo w s:
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r e l a t iv e
%
p r o l i f .
CPH ( i n  p r e s e n c e  o f  m i to g e n ) -BKG
in  PHMPSA-Rx c u l t u r e s
 1
CPM ( i n  p r e s e n c e  o f  m ito g e n )-B K G
in  u n t r e a t e d  c u l t u r e s  
p r o l i f e r a t i o n  e x p r e s s e d  a s  CPM /10^ PBMNC
x 100
Where th e  e f f e c t  o f PHMPSA on superox ide  p ro d u c tio n  was 
co n sid ered , r e l a t i v e  % superox ide  p roduction  was d e fin ed  a s  fo llo w s:




O2 ' p r o d u c t i o n  in  p r e s e n c e
o f  s t i m u l a n t  -  BKG fro m  PHMPSA-Rx 
n e u t r o p h i I s
0 2 ' "  p r o d u c t i o n  in  p r e s e n c e  
o f  s t i m u l a n t  -  BKG fro m  u n t r e a t e d  
n e u t r o p h i I s
-  1 x 100
O2 ' p ro d u c tio n  e x p r e s s e d  a s  n m o l/m l c y to c h ro m e -C
re d u c e d  by  10 c e l l s  in  10 m in .
In a l l  c ases  a n e g a tiv e  % in d ic a te s  su p p ress io n  has o ccu rred , a 
p o s i t iv e  % in d ic a te s  enhancement, a zero  % in d ic a te s  th a t  PHMPSA has 
no e f f e c t  on th e  param eter under c o n s id e ra tio n .
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SOURCE OF EXPERIMENTAL BLOOD (tak en  a f t e r  inform ed co n sen t)
Normal h e a lth y  c o n tro ls
A ll ex p erim en ta l m a te r ia l  has been k in d ly  donated by e i th e r  s t a f f  o r 
s tu d e n ts  a t  th e  Bath A r th r i t i s  Reaserch C entre  o r s t a f f  a t  the  RNHRD.
Patients
AS, PSA, SLE and most RA m a te r ia l was taken from in - p a t ie n t s .  The 
p a t ie n ts  s e le c te d  fo r  each d is e a s e  group f u l f i l l e d  t h e i r  re s p e c tiv e  
d ia g n o s t ic  c r i t e r i a  a s  d e fin ed  by th e  American Rheumatism A sso c ia tio n  
(ARA). C la s s ic a l  and d e f in i t e  RA be ing  d efin ed  in  re fe re n c e  [5 1 ], 
d e f in i t e  AS and PSA a s  d e fin ed  in  re fe re n c e  [52] and d e f in i t e  SLE as 
d e fin e d  in  re fe re n c e  [53 ].
Some RA sam ples were taken  from o u t- p a t ie n ts .  A ll RA NSAID 
p a t ie n t s  had a c tiv e  s y n o v i t is ,  acco rd ing  to  th e  r e f e r r in g  p h y s ic ian , 
w ith  warm, red , p a in fu l ly  sw ollen  sy n o v ia l j o i n t s .  He o r she a lso  
a ss ig n ed  presence  (and s e v e r i ty )  o r absence of s y n o v it is  to  th e  o th e r  
p a t ie n t  g roups.
G reat d i f f i c u l t y  was found in  r e c r u i t in g  p a t ie n ts  in  th e  BA NSAID 
group, s in c e  many p o te n t ia l ly  s u i ta b le  p a t ie n ts  could  n o t be used 
because o f re c e n t in ta k e  o f s te r o id s ,  which a re  known to  be 
immunosuppressive and would th u s  in v a l id a te  the  r e s u l t s .  O thers were 
too  anaemic fo r  use in  th e se  s tu d ie s  s in c e  about 100 ml o f blood were 
re q u ire d  fo r  th e  su p p resso r a ssay . S ince th e se  p a t ie n ts  were
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undergoing  rep ea ted  blood t e s t in g  fo r  c l i n i c a l  re a so n s , f u r th e r  blood 
s u b tra c t io n  fo r  re se a rc h  purposes was f e l t  no t e th ic a l ly  a cc e p tab le , 
s in c e  w orsening anemia could have r e s u l te d ,  and iro n  replacem ent 
th e rap y  i s  known to  worsen inflam m ation o f th e  j o i n t s ,  and i t  has been 
found th a t  th e  amount o f l ip id  p e ro x id a tio n  p ro d u c ts  in  sy n o v ia l f lu id  
c o r r e la te  w ith  th e  c o n ce n tra tio n  of Fe s a l t s  p re se n t and w ith  th e  
d is e a s e  a c t i v i t y  [5 4 ].
Thus, only  p a t ie n ts  w ith  > 10 g /d l  Hb were used , which me^nt 
p robab ly  most s e v e re ly  i l l  p a t ie n ts  were om itted . O thers  on NSAIDs 
were om itted  because o f system ic  v a s c u l i t i s  a s so c ia te d  w ith  le s s  
a c t iv e  s y n o v i t is .  Furtherm ore, i t  i s  th e  p o lic y  of th e  RNHRD to  pu t RA 
p a t ie n t s  w ith  sev ere  s y n o v it is  onto second l in e  drugs as  r a p id ly  as 
p o s s ib le  to  t r y  and slow down th e  d is e a s e  p ro cess .
D i f f i c u l t i e s  were a lso  encountred  in  r e c r u i t in g  p a t ie n ts  on D-PEN 
o r A uroth iom alate  a lo n e , s in c e  very  o fte n  w ith  sev e re  a c t iv e  
u n re m ittin g  s y n o v it is  p a t ie n ts  a re  p u t on combined tre a tm en t D-PEN and 
s te r o id s ,  making them u n su ita b le  fo r  t h i s  p ro je c t .
O ther p a t ie n ts  in  t h i s  group were excluded because o f v a s c u l i t i s  
o r Hb < 10 g /d l .
SLE p a t ie n ts  were used as  p o s i t iv e  c o n tro ls  in  th e  CON-A induced 
su p p re sso r a ssay .
AS/PSA p a t ie n ts  were grouped to g e th e r  and used as  a r t h r i t i c  
c o n tro ls .
A ll blood was c o lle c te d  by venopuncture by tra in e d  p h leb o to m is ts , 
q u a n t i ty  taken  depended on th e  experim ent fo r  which blood was to  be
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u sed , and ease  of b le ed in g . U sually  20 ml was taken fo r  f lu o re sc en c e  
s tu d ie s ;  30-40 ml fo r  p roduction  of educated c e l l s ;  15-30 ml fo r
p r o l i f e r a t i o n  o r IL-2 p roduction  s tu d ie s ;  and fo r  th e  CON-A induced
su p p resso r a ssa y s , 40-60 ml was taken fo r  th e  48 hour p re c u ltu re
system , 35-40 ml was taken  a t  a second b leed in g  fo r  responder c e l l s
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used in  th e  c o c u ltu re ; 3-5 ml c lo t te d  blood was taken fo r  serum th io l  
e s tim a tio n . 20 U h ep arin  was added per ml blood c o l le c te d .  Samples
were a l l  taken  between 0830 and 0930 to  minimize a r t i f a c t s  due to
c irc a d ia n  rythms [5 5 -5 7 ]. Blood was sep a ra te d  and analysed  as  q u ic k ly
and e f f i c i e n t ly  as p o s s ib le  to  r e ta in  a maximum number o f h e a lth y
fu n c tio n a l c e l l s ,  s in c e  s to ra g e  o f whole blood fo r  24 hours a t  room 
tem peratu re  has been re p o rte d  to  r e s u l t  in  reduced lymphocyte y ie ld ,  
a r t i f a c t u a l  in c re a se  in  N ull c e l l s ,  a l te r e d  ex p ress io n  o f su rfa c e  
m arkers, and reduced response to  m itogenic s t im u la t io n . These 
a l t e r a t io n s  p robably  beg in  soon a f t e r  blood c o l le c t io n  [5 8 -6 0 ].
I t  has a lso  been shown th a t  v a r ia b le s  which m ight in flu en c e  
c i r c u la t in g  T - c e l ls  su b se ts  -  o f re lev an ce  to  t h i s  p r o je c t  -  a re : 
smoking [6 1 ], and s t r e s s  (a s  m anifested  by in c reased  c i r c u la t in g  
plasm a a d re n a lin e  c o n ce n tra tio n  [62]).
For a l l  experim ents RA D-PEN/AU p a t ie n ts  have been con sid ered  
to g e th e r  s in c e  they  showed s im ila r  t h io l ,  p r o l i f e r a t io n  and CON-A 
induced su p p resso r a c t i v i t y .
For th e  same reason  in  a l l  experim ents AS and PSA p a t ie n t s  have 
been considered  to g e th e r .
P a t ie n t  d a ta  was c o lle c te d  u sing  th e  fo llow ing  form (T able 3 .2 ) .
TABLE 3 . 2  PATIENT DATA COLLECTION FORH
(Boxes to be t icked v»fiere appropr ia te)
Permission to take blood given by doctors /nurses  in charge 
of p a t i en t  | 1
Pa t i en t  gave informed verbal  consent for h i s /he r  blood to 
be taken | 1
Name ..................................................................................................................
Hospi tal  Reg is t ra t ion  Number ..............................................................
D.O.B.....................  Sex . . .
Disease ............................................................................................................
Disease dura t ion,  s ince  diagnosis (years)  ...................................
PMH ....................................................................................................................
Relevant FH ...................................................................................................
Pharmacological h i s to ry  .........................................................................
Duration and dose of presen t  drugs
Cl in ica l  indices  of d i sease  a c t i v i t y ;
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A ll d a ta  was considered  n o t norm ally  d is t r ib u te d  (u n le s s
t
o th e rw ise  s t a t e d ) ,  th e re fo re  n o n -p a ram e trica l s t a t i s t i c s  were a p p lie d .
i
P a ire d  d a ta  was analysed  u s in g  Wilcoxon signed  rank  t e s t .  Unpaired 
d a ta  was analysed  u s in g  th e  Mann-Whitney U - te s t ,  u n le ss  o therw ise  
in d ic a te d .
C o rre la tio n s  between p aram eters  were assessed  by th e  l in e a r  
re g re ss io n  a n a ly s is  and c o e f f ic ie n ts  o f c o r r e la t io n  ( r )  quo ted . A two 
s id ed  p va lue  o f < 0 .05  was considered  s t a t i s t i c a l l y  s ig n i f ic a n t  in  
a l l  an a ly se s .
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CHAPTER At RESULTS
4 . 1 .  COMPARISON OF SERUM THIOL LEVELS 
IN VARIOUS PATIENT GROUPS AND NORMALS.
S ince  th e  aim o f t h i s  p ro je c t  was to  in v e s t ig a te  what a sp e c ts  of 
im m unoregulation a re  m ediated v ia  c e l l  su rfa ce  -SH groups -  and th u s  
w hether d e fe c t iv e  immunoregulation as  seen in RA could  be p a r t ly  the  
consequence o f o x id ized  fu n c tio n a lly  im portant -SH groups, we f i r s t  
sought to  show reduced -SH le v e ls  in  RA NSAID p a t ie n t s .  S ince one 
would ex p ec t reduced f r e e  -SH groups to  extend from so lu b le  p ro te in s  
(m ain ly  on album in) to  -SH groups on p ro te in s  in te g ra te d  in to  c e l l  
membranes, a s  evidenced by a tren d  towards c o r r e la t io n  between th e se  
two p a ram ete rs  shown by He Keown e t  a l .  [1 ] , and s in c e  measurement of 
th e  form er i s  s im p le r and re q u ire s  le s s  blood, t h i s  measurement was 
c a r r ie d  o u t u s in g  a  m odified  method based on th a t  by Eliman [2 ] . Since 
no s ig n i f i c a n t  c o r r e la t io n  was observed between serum th io l s  le v e l  and 
RF, a l l  p a t i e n t s  + / -  RF were grouped to g e th e r .
I t  was c l e a r ly  dem onstrated  th a t  RA NSAID showed s ig n i f ic a n t ly  
reduced serum t h i o l  le v e ls , bu t th a t  RA-DPEN and AS/PSA p a t ie n t s  were 
n o t s ig n i f i c a n t ly  d i f f e r e n t  to  normal co n tro ls , as  shown in  F ig . 4 .1 .
Serum t h i o l s  a re  known to  f a l l  w ith  age b u t on ly  s ig n i f i c a n t ly  
a f t e r  th e  age o f sev en ty , age i s  probably  no t th e  reason  fo r  th e se  
d if f e r e n c e s  s in c e  th e  median age was le s s  than seven ty  in a l l  groups 
and th o se  p a t i e n t s  who showed most s ig n i f ic a n t  red u c tio n  in  t h io l
FIG. 4 1
SERUM THIOL LEVELS IM HEALTHY CONTROLS 











p <0.0001 NS NS
Horizontal bars represent median serum thiol concentration.
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le v e l s  were n o t u s u a lly  th e  o ld e s t p a t ie n ts .
Median age and range fo r  norm als was 35 (20-70) fo r  RA NSAID, 65 
(36-82) fo r  RA D-PEN/AU, 49 (37-78) fo r  AS/PSA, 48 (2 9 -7 9 ).
No s ig n i f i c a n t  c o r r e la t io n  was found between serum th io l s  and age
in  norm als, no r in  RA NSAID, nor in  RA-DPEN/AU, nor in  AS/PSA;
lik ew ise  no s ig n i f i c a n t  c o r re la t io n  was found between serum th io l s  and
CRP nor WBC in  RA NSAID, which o fte n  r i s e  in  acu te  inflam m atory
»
p h a se s .
Although n o t s ig n i f i c a n t ,  th e re  was a tren d  tow ards a c o r r e la t io n  
between t h io l  le v e l s  and len g th  of tim e on the su lp h y d ra te  d rugs (n = 
13, r  = 0 .6 5 ) ,  su g g es tin g  th a t  the  longer a p a t ie n t  i s  on a
su lp h y d ra te  d ru g , th e  more serum th io l  le v e ls  a re  norm alized . No 
s e r i a l  s tu d ie s  in  in d iv id u a ls  were c a r r ie d  out to  prove t h i s ,  a lthough  
o th e rs  have found t h i s  to  be tru e  [3 -5 ] . However, i t  has been shown 
th a t  su lp h y d ra te  d ru g s  no rm alise  serum th io l  le v e ls  by in c re a s in g  f a s t  
re a c t in g  t h i o l  g roups, b u t n o t s ig n i f ic a n t ly  in f lu e n c in g  slow re a c t iv e  
t h io l  groups [6 ] , and i t  i s  th e  l a t t e r  th a t  a re  more d e f ic ie n t  in  RA 
p a t ie n t s  [6 ] ,  th u s  t h i s  could in  p a r t  account fo r  th e  i n a b i l i t y  o f 
th e se  drugs to  cu re  th e  d is e a s e .
Two b a s ic  approaches can be used to  study im m unoregulatory c e l l s :  
one c o n s is ts  o f “ p h e n o ty p ic a lly ” q u a n t i ta t in g  in  t i s s u e s  o r PBMNC 
p re p a ra t io n s , lymphocyte su b se ts  w ith p u ta tiv e  su p p resso r o r h e lp er 
p ro p e r t ie s ,  o r a l t e r n a t iv e ly  looking a t  “ fu n c tio n s ” o f 
im m unoregulatory c e l l s .
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4 . 2 .  PHENOTYPIC COMPARISONS OF PBMNC IN RA NSAID AND NORMALS
I d e n t i f i c a t io n  o f such su b se ts  has been attem pted  in t h i s  p ro je c t  
by means o f m onoclonal a n tib o d ie s  to  d i f f e r e n t  su rfa c e  m arkers on
r
PBMNC (T able  4 .1 )  showing no s ig n i f ic a n t  d if f e r e n c e s  between
p ercen tag es  o f lym phocytes, or monocytes or B -c e lls  in  RA NSAID
+ + +sam ples compared to  norm als, nor between percen tag es  o f CD^, CDg,
CDW29+ , CD45R+ and a rough e s tim a te  o f CD^CD45R+ T - c e l l s ;  however, 
n e u tro p h il  con tam in atio n  o f the  PBMNC p re p a ra tio n  was more common in 
RA NSAID sam ples, p robab ly  because o f p r io r  a c t iv a t io n  in  v ivo  
r e s u l t in g  in  reduced d e n s ity , evidence fo r  t h i s  id ea  o f p r io r  
a c t iv a t io n  comes from th e  o b serv a tio n  of ra ise d  DR and TAC ex p ress io n  
on RA NSAID c e l l s .  There was a tendency fo r  RA NSAID p a t ie n t s  to  show 
reduced CDg and more CD  ^ c e l l s ,  in d ic a ted  in th e  ra is e d  CD^/CDg r a t i o ,  
su g g es tin g  th a t  a re g u la to ry  lymphocyte imbalance may be p re s e n t in  
some o f th e  in d iv id u a ls .
Samples o f sy n o v ia l f lu id  and sy n o v ia l membrane were n o t 
a v a ila b le  fo r  s im i la r  an a ly ses  to  be c a r r ie d  ou t on them. However, due 
to  fu n c tio n a l h e te ro g e n e ity  w ith in  p h en o ty p ica lly  d e fin ed  s u b s e ts ,  and 
because pheno typ ic  m arkers do n o t t e l l  th e  experim enter an y th ing  about 
th e  fu n c tio n a l a b i l i t y  o f th e  c e l l  in  q u e s tio n , a more fu n c tio n a l 
approach fo r  look ing  a t  im munoregulatory T - c e l ls  was p re fe r re d , as 
used in  t h i s  p r o je c t .
Thus i t  was decided  to  in v e s t ig a te  the  t h io l  dependence of 
su p p resso r c e l l  a c t i v i t y  in  norm als and whether th i s  i s  d e fe c t iv e  in 
RA NSAID u t i l i z i n g  v a rio u s  su p p resso r c e l l  assays:
TABLE 4.1
CELL SUBSETS IN PBMNC PREPARATIONS OF NORMALS AND RA NSAID PATIENTS.
Ma b
S P E C I F I C I T Y
Mab USED NORMALS  
MEDI AN ( RANGE )
RA N S A I D  
ME DI AN ( R A N G E )
p VALUE  
( M - W - U - T E S T
CD2 SOTON T i l n = 5 8 4  ( 7 5 - 9 0 ) ND - -
CD3 SOTON T3 n = 9 6 5  ( 4 2 - 8 0 ) n = 7  6 5  ( 4 5 - 8 6 ) NS
CD4 SOTON T A n = 9 5 5  ( 3 4 - 5 8 ) n = 7  5 3  ( 3 1 - 6 7 ) NS
CDO SOTON TS n = 9  2 4  ( 2 0 - 2 7 ) n = 7  1 9  ( 1 0 - 3 5 ) NS
C D 4 : CD8 SOTON T 4 . - T 8 n = 9  2 . 0  ( 1 . 5 - 3 . 0 ) n = 7  2 . 6  ( 2 . 0 - 3 . 5 ) NS
C D 4 5 R WR16 n = 6  6 7  ( 4 0 - 8 0 ) n = 5  6 0  ( 3 0 - 7 9 ) NS
VERY ROUGH E 
S I N C E  NOT AL
1 S T I MATE OF 
.!_ T B t p  S T A I N
WR1 6 + = ( WR1 6 + -  CT8  
3 0  ( 2 5 - 4 0 )  
WI TH WR1 6
+ B ] )
2 5  ( 2 5 - 5 ‘0 ) NS
CD W29 WR19 n = 3 2 2  ( 2 2 - 3 5 ) n = 5  2 5  ( 2 3 - 4 0 ) NS
C D 2 5 A N T I - T A C  
DA KOP AT T S
n = 5  0 ( 0 - 1 1 ) n = 7  7 . 2  ( 1 - 2 0 ) < 0 . 0 0 1
HLA C L A S S  
11 £  CHA I N  
C D P , D Q , DR ]
WR 1 3 n = 7  2 2  ( 1 9 - 3 1  ) n = 7  3 0  ( 2 0 - 3 5 ) < 0 .  0 5
C D 3 7  ON 
B - C E L L
WR 1 7 n = 3  2 3  ( 1 1 - 2 4 ) n = 7  2 3  ( 1 2 - 2 6 ) MS
MAI NLY M0 SOTON M2 n = 4  2 4  ( 1 5 - 2 5 ) n = 7  2 4  ( 2 1 - 3 6 ) NS
MAINLY 
NK C EL LS
SOTON
H N K - 1 n = 3  1 9  ( 4 - 2 6 ) ND - -
ROUGH E S T I M A T E  OF NK CELL S = ( T 3 + -  T 1 1 + ) 




a ) Conconavalin-A  induced suppresso r a c t iv i ty - s u p p re s s io n  being  
a sse ssed  by m easuring sup p ress io n  of immunoglobulin s y n th e s is  in  a 
double c u l tu r e  system .
b) Conconavalin-A  induced su pp resso r a c t iv i ty - s u p p re s s io n  be in g  
a sse ssed  by m easuring su pp ression  of p r o l i f e r a t io n  in  a double c u ltu re  
sy stem .
c ) Non in d u c ib le  su p p re sso r c e l l  a c t i v i ty  -  sup p ress io n  be in g  assessed  
by ob serv in g  th e  lo s s  of s h o r t- l iv e d  su p p resso r c e l l s ,  thought 
to  g iv e  an in d i r e c t  assessm ent of spontaneous su p p resso r c e l l s  [7 ] .
A tte n tio n  was co n cen tra ted  on the a ssay  a) r a th e r  than  b ) ,  s in c e  
i t  was decided  th a t  t h i s  b e s t  i l l u s t r a t e s  th e  “ s t a t e ” o f th e  immune 
system  in  an in d iv id u a l ,  s in ce  fo r  immunoglobulin s y n th e s is  to  occur 
re q u ire s  co o p e ra tio n  between th e  two arms o f th e  immune system , th a t  
i s  th e  Humoral and C ell-m ed ia ted  system  and a s s o c ia te d  so lu b le  
f a c to r s ,  e .g .  I n te r le u k in s .
4 . 3 .  SETTING UP THE ELISA ASSAY.
F i r s t  i t  was re q u ire d  to  s e t  up s u i ta b le  ELISA assay s  fo r  
measurements o f IgG and IgM in samples su p e rn a ta n ts . The p r in c ip le  o f 
such an a ssay  i s  d e p ic te d  in  F ig . 4 .2 .
I t  was f i r s t  n ece ssa ry  to  co n sid er cho ice o f su p p o rt, t h a t  i s  
th e  type o f ELISA p la te ,  s in ce  a lthough  a l l  p l a s t i c s  n o n s p e c if ic a l ly  
adsorb p ro te in  [8 ] , d i f f e r e n t  p l a s t i c s  do so to  va ry in g  d eg rees . F la t  
bottomed p o ly s ty re n e  NUNC Immuno-I p la te s  (T issu e  C u ltu re  S e rv ic e s)  
were chosen s in c e  th ey  show high  p ro te in  ad so rp tio n  b u t low in t e r  and
FIG 4  . 2  I l l u s t r a t i n g  the  double antibody ELISA used f o r  q u a n t i f y in g  
IgG and IgM In c u l tu re  superna tan ts  
♦Excess binding s i t e s  on the so l id  phase were blocked us ing  PBS-oS% 




1. Antibody adsorbed to  p l a t e
*
Wash
2. Test s o lu t io n  c o n ta in in g  a n t ig e n  added
Wash
3. Add enzyme l a b e l l e d  s p e c i f i c  an t ibody
Wash
4. Add enzyme s u b s t r a t e
Amount hydrolysed =  amount an tigen  p r e s e n t
KET TO FIG
~ a Goat a n ti  human p o lyvalen t  immunoglobulin
IgG/IgM contain ing c u l t u r e  su p e r n a t a n t s / s t a n d a r d s
A f f i n i t y  p u r i f ie d  antihuman IgG/IgM a l k a l i n e  
phosphatase  conjugate
■» d -n l tropheny l  phosphate (n a t iv e  and degraded)
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i n t r a  p la te  v a r ia t io n s ,  low background read in g s  and a re  econom ical to  
buy.
ELISA p la te s  were p repared  by b in d in g  g o a t antihuman p o ly v a le n t 
Ig  an tiserum  (a  d i lu t io n  o f 1:200 in  carb o n ate  b u f f e r ,  found to  be 
o p tim al) and excess b in d in g  s i t e s  blocked by a one hour in cu b a tio n  a t  
37 °C w ith  PBS-0.5% BSA and t h i s  was l e f t  in  th e  ELISA p la te  w e lls . 
Any sam ples th a t  re q u ire d  d i lu t io n  were d i lu te d  in  PBS-0.5% BSA. Thus 
a l l  c u l tu re  su p e rn a ta n ts  (c o n ta in in g  10% FCS) were p r io r  d i lu te d  and 
double d i lu te d  in  a  p ro te in  co n ta in in g  s o lu t io n , w ithou t p roducing  an 
o v e ra l l  d is tu rb a n c e  in  th e  p ro te in  c o n ten t o f th e  system  which m ight 
o therw ise  a f f e c t  th e  way th e  an tig en  in te ra c te d  w ith  th e  v a rio u s  
immunological re a g en ts  used in  th e  ELISA.
S tandard  cu rves were s e t  up u s in g  pooled normal human serum, 
n e g a tiv e  fo r  Rheumatoid f a c to r  (LATEX a g g lu tin a tio n  t e s t ) ,  and d i lu te d  
to  4000 ng/ml fo r  bo th  IgG and IgM c o n c e n tra tio n s  such th a t  w ith  
eleven  doub ling  d i lu t io n s  th e  s tan d a rd  curve ranged from 2000 to  2 
ng/ml fo r  bo th  IgG and IgM.
In cu b a tio n  tim es w ith  sample su p e rn a ta n t o r co n ju g a te  were 
s t r i c t l y  c o n tro l le d , s in c e  background Ig  le v e ls  were found to  in c re a se  
when an tigen , and in  p a r t i c u la r  conjugate, in cu b a tio n  tim es exceeded 1 
hour a t  37 °C. I f  a la rg e  b a tch  o f th e  ELISA p la te s  was to  be 
an aly sed , p la te s  were coated  w ith  an tig en  and l e f t  in  th e  f r id g e  u n t i l  
a l l  were ready and a l l  were incubated  fo r  e x a c tly  1 hour a t  37 °C.
C onjugate a d d itio n  was s tag g ered  to  allow  an ex ac t in cu b atio n  tim e of 
1 hour a t  37 °C fo r  each p la te .  Optimum d i lu t io n  o f TAGO co n jugate  fo r
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th e  IgM ELISA was found to ' be 1:3000 and 1:1000 fo r  SIGMA IgG 
con ju g ate .
ELISA s e n s i t i v i t y  was determ ined by s e t t i n g  up v ery  low 
c o n c e n tra tio n s  o f IgG and IgM in q u a d ru p lic a te  and absorbaney compared 
(o n e - ta i le d  T - te s t )  w ith  r e s u l t s  ob tained  when no IgG o r IgM was 
p re s e n t. S e n s i t iv i ty  was d e fin ed  the  low est c o n c e n tra tio n  o f IgG or 
IgM which gave an absorbance va lu e  s ig n i f ic a n t ly  d i f f e r e n t  (p  < 0 .0 5 )
to  th a t  g iven  in  th e  absence o f IgG or IgM. The ELISA method was found 
to  be s e n s i t iv e  down to  4 ng/ml and 8 ng/ml fo r  IgG (F ig . 4 .3 )  and IgM 
re s p e c tiv e ly , however, in  p ra c t ic e , because an e d ite d  s tan d a rd  curve 
(F ig . 4 .4 )  was used fo r  c a lc u la t io n  of th e  sample c o n c e n tra tio n  
u t i l i z i n g  on ly  th e  l in e a r  p o rtio n  of the s tan d a rd  cu rve , th e  u se fu l 
range fo r  IgG i s  down to  16 ng/ml and fo r  IgM down to  32 ng/ml (F ig s .
4 .5 - 4 .6 ) .  The u s e fu l  range ex tended.up  to  approxim ately  500 ng/m l and 
800 ng/ml fo r  IgG and IgM re s p e c tiv e ly
The s p e c i f i c i t y  o f th e  re s p e c tiv e  ELISA was ensured by u sin g :
-  p u r if ie d  antihuman r - s p e c i f i c  a lk a l in e  phosphatase co n ju g ate  fo r  the  
IgG ELISA;
-  p u r if ie d  antihum an M -sp e c if ic  a lk a l in e  phosphatase  co n ju g a te  fo r  the 
IgM ELISA.
P la te s  coated  w ith  p u r if ie d  myeloma IgGl in th e  range 2 to  2000 
ng/m l compared w ith  th o se  coated  w ith  pooled human serum co n ta in in g a ,ll 
c la s s e s  of IgG showed c lo se  p a ra l le l is m  u s in g  th e  same a lk a l in e  
phosphatase  ^ - s p e c i f i c  co n ju g a te , showing th a t  th e  same a n tig e n  was 
be ing  d e te c te d  (F ig . 4 .7 ) .
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Data points represent mean of 8 IgG standard curves + 1 SD. 
At all points the coefficient of variation was less than 6%.
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SUM pmitted for clarity.
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Antihuman M -sp e c if ic  a lk a l in e  phoshatase  was found n o t to  bind to  
p la t e s  coated  w ith  p u r i f ie d  IgGl myeloma p ro te in  on ly  to  th o se  coated  
w ith  th e  IgM (IgG l was used s in c e  i t  i s  s im p ler to  p rep a re  than 
p u r if ie d  t o t a l  human IgG and i t s  use can be j u s t i f i e d  s in c e  IgGl 
r e p re s e n ts  th e  m ajor su b c la ss  o f IgG p re sen t in  normal serum) (F ig .
4 .8 ) .
By p u t t in g  a s tan d a rd  curve o f IgG or IgM on 8 rows over th e  a l l  
ELISA p la te ,  in t r a p la t e  r e p ro d u c ib i l i ty  was found to  be e x c e lle n t  
(w ith  c o e f f ic ie n t s  of v a r ia t io n  fo r  a l l  c o n c e n tra tio n s  being  le s s  than  
6%) so long a s  th e  p la te  was t i g h t l y  covered w ith  “ c l in g  f i lm ” to  
p rev en t “ edge e f f e c t s ” (F ig s . 4 .5  and 4 .6 ) .  I n te r p la te  r e p ro d u c ib i l i ty  
(on d i f f e r e n t  p la t e s  w ith in  a day or on d i f f e r e n t  d ays) was e q u a lly  
good. S im ila r  i n t r a  and in te r  p la te  c o e f f ic ie n ts  of v a r ia t io n  were 
found u s in g  sample su p e rn a ta n ts  (d a ta  no t shown).
The d e g ra d a tio n  o f s u b s tr a te  (1 m g/m l-para-n itropheny l phosphate 
d i lu te d  in  d ie thano lam ine  b u f fe r )  w ith  tim e, as measured by an 
in c re a se  in  absorbance a t  405 nm showed a l in e a r  co lo u r developm ent
(F ig s . 4 .9 -4 .1 0 )  and u s u a lly  re q u ire d  45 m inutes a t  room tem peratu re
<
fo r  developm ent o f th e  IgG s tan d a rd  curve o r h a lf  an hour fo r  th e  IgM 
s tan d a rd  cu rv e . T erm ination  of th e  re a c tio n  was in  bo th  case s  when 
th e  top  s tan d a rd  reached an absorbance of 1 .0  . R eaction tim es
depended on th e  po tency  of th e  con jugate  used and th e  ambient 
tem p era tu re , b u t in  a l l  cases  th e  con ju g ates  were s u f f i c i e n t ly  p o te n t 
fo r  th e  r e a c t io n  to  proceed a t  room tem peratu re . To o b ta in  m eaningful 
r e s u l t s  th e  ELISA system  must be ad ju sted  so th a t  th e  re a c tio n  shows
FIGURE 4 . 9











Showing l i n e a r i t y  of co lour development o f  the  IgG ELISA.
FIGURE 4.10
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Showing linearity of colour development of IgM ELISA. 
O.D. = optical density.
205
zero  o rd e r k in e t ic s  and i s  thus independent of s u b s t r a te  c o n c e n tra tio n  
(w ich must be in  excess to  s a tu r a te  the  enzyme) and on ly  dependent on 
th e  enzyme c o n c e n tra tio n . In  the  p resence o f ex cess  ELISA re a g en ts  
(p o ly v a le n t, s u b s t r a te  and enzyme) r a te s  of co lo u r developm ent w il l  be 
dependent only  on th e  amount of th e  enzyme p re s e n t ,  which i s  d i r e c t l y  
p ro p o r tio n a l to  th e  q u a n ti ty  o f IgG and IgM a tta c h e d  to  th e  p o ly v a le n t 
l a y e r .
S tandard  curves o f abso rb an c ies  a g a in s t  IgG o r IgM c o n c e n tra tio n  
in  ng/m l were c o n s tru c te d  and immunoglobulin c o n te n t in  sample 
s u p e rn a ta n ts  determ ined u sin g  e d ite d  s tan d ard  cu rv es , so th a t  only  th e  
l in e a r  p o rtio n  o f th e  curve -  i . e .  the  s e c tio n  obeying B eer-L am bert' s 
law - w a s  used. These v a lu es  were then s u i ta b ly  m u ltip l ie d  by th e  
d i lu t io n  f a c to r s ,  and th e  average r e s u l t  from a l l  re ad in g s  th a t  showed 
d oub ling  ou t o f immunoglobulins ( th a t  i s  th e  l in e a r  p o rtio n  o f sample 
s tan d a rd  cu rv es) used fo r  c a lc u la t in g  the  f i n a l  immunoglobulin co n ten t 
in  ng/m l o f su p e rn a ta n t, r e s u l t s  were f i n a l ly  expressed  in  term s o f ng 
Ig /1 0 ^  PBMNC o f su p e rn a ta n t. *
4 . 4 .  EFFECT OF PHMPSA ON IgG SYNTHESIS.
The ELISA system s were i n i t i a l l y  used to  in v e s t ig a te  th e  th io l  
dependence of IgG or IgM p ro d u c tio n .
I n i t i a l  experim ents were s e t  up to  f in d  the  op tim al c e l l  d e n s ity  
and pokeweed mitogen d i lu t io n  to  use fo r  t h i s  experim ent. Table 4 .2
g
shows a c e l l  d e n s ity  o f 1 x 10 /m l and a pokeweed mitogen d i lu t io n  o f 
1:200 to  be o p tim al, fo r  maximal IgG s y n th e s is  ( s im i la r  r e s u l t s  were
TABLE 4 . 2
EFFECT OF INCREASING CELL CONCENTRATION ON IgG SYNTHESIS ( n g / m l )  BY 
NORMAL PWM STIMULATED PBMNC, DURING A 7 DAY CULTURE PERIOD. RESULTS 
ARE EXPRESSED AS MEAN ±  SEM (IN  BRACKETS).
CPWM ] 0  . 2 5
l ELL CONCE NT RAT I Or  
0 . 5 0
( x 1 0 6 / m l ) 
1 . 0 0 2 . 0 0
1 / 2 0 2 2 ^  ( -  > n = 1 1 0 7 6  ( 6 1 9 )  n = 5 2 0 7 3  ( 9 8 6 )  n = 4 2 1 5 9  ( 8 0 8 )  n = 12
1 / 2 0 0 3 B 4  ( -  ) n = 1 2 3 7 7  ( 7 1 1 )  n = 6 3 < t l 9  ( 8 2 2 )  n = 1 ^ 3 0 1 5  ( 7 6 7 )  n =  1 6
1 / t + O Q 2 5 5 3  ( 5 5 7 )  n = 9
1 / 1 , 0 0 0 2 3 8 2  ( 5 0 8 )  n = 9
s ru o o ° 2 2 ^  ( -  ) n = 1 1 ^ 3 1  ( 5 1 5 )  n = <t 1 2 6 1  ( 3 0 6 )  n =  13
1 / 1 0 , 0 0 0 5A ( -  > n = 1 6 5 7  ( 1 2 3 )  n = 5 5 2 7  ( 2 1 )  n = 2 8 2 7  . ( 3 3 ^ ) n = 11
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ob ta ined  fo r  IgM b u t d a ta  a re  not shown).
The k in e t ic s  o f IgG and IgM production  were then  in v e s t ig a te d  in
v a rio u s  p a t ie n t  groups and s im ila r  k in e t ic s  were found in  normals, RA
NSAID, RA-DPEN/AU, AS, PSA and SLE p a t ie n ts .  In a l l  cases  background 
immunoglobulin p ro d u c tio n  ro se  very  s l ig h t ly  over th e  21 days c u ltu re  
p e rio d  and 1:200 d i lu t io n  pokeweed mitogen s tim u la te d  immunoglobulin 
p ro d u c tio n  was shown to  remain very  low fo r  th e  f i r s t  5 days in  
c u l tu re ,  b u t then to  r i s e  ex p o n en tia lly  between days 5 to  10 and a 
much slow er r i s e  in  immunoglobulin p roduction  occurred  from days 10 to  
21 as  i s  shown in  F ig s . 4 .11  and 4 .12  fo r  a normal in d iv id u a l.
Day 1 in d ic a tin g  day o f c u ltu re  s e t  up and day 21 th a t  o f c u ltu re
te rm in a tio n .
A c u l tu re  tim e o f 8 days was chosen in  a l l  subsequent experim ents 
s in c e  i t  re p re se n te d  a convenient c u ltu re  p e rio d  and was on th e  
ex p o n e n tia lly  r i s in g  phase of IgG o r IgM p ro d u c tio n .
Normal PBMNC were d i lu te d  to  5 x lO^/ml in  PBSG o r RPMI and 
t r e a te d  fo r  1 hour a t  37 °C w ith  50 mM PHMPSA (an i r r e v e r s ib le  su rfa c e  
th io l  b lo ck in g  ag en t) and subsequent IgG p ro d uction  measured; th e se  
ch o ices  o f c e l l  d e n s i ty ,  tim e and tem perature  o f in cu b a tio n , and 
PHMPSA c o n ce n tra tio n  were shown to  be optim al (se e  below ). I t  was 
found th a t  more in h ib i t io n  of IgG s y n th e s is  was o b ta ined  in  a PBSG 
medium ID50 = 12 mM compared to  an ID50 = 25 mM in  RPMI (se e  F ig . 
4 .1 3 ) , p robably  because e f f e c t iv e  PHMPSA co n ce n tra tio n  were reduced by 
b ind ing  to  f r e e  th io l  groups on albumin p re sen t in  th e  FCS component 








FIGURE 4 .1 1
IgG PROD.N IN A NORMAL SU BJEC T
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Showing k in e t i c s  o f  IgG production  over a 21 day c u l tu re  p e r io d  wi' 
or w ithout pokeweed mitogen (PWM). Each p o in t rep re sen ts  mean o f 









FIGURE 4 .1 2
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□  WITHOUT PWM +  WITH PWM
Showing k in e t i c s  o f  IgM produc tion  over a 21 day c u l tu r e  p e r io d  w ith  
or w ithout pokeweed mitogen (PWM). Each p o in t  rep re sen ts  mean o f  
n = 2 o b se rv a tio n s ,  SEM were O m itted  fo r  c l a r i t y .
FIG. 4 .1 3  EFFECT OF COMPOSITION OF MEDIUM IN WHICH CELLS ARE
INCUBATED WITH PHMPSA ON SUBSEQUENT RELATIVE % IgG SYNTHESIS
- 1 0
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ID 50 = 25 pM ID 50 = 12 pM
Lines represent mean (n = 4) relative % IgG synthesis following a 1 hour
preincubation at 37 °C with various concentrations of PHMPSA when added 
6
to cells at 5 x 10 /ml in 2 different media, then washed and resuspended
6
in culture medium at 1 x 10 /ml, grown with 1:200 PWM for a week.
Cell viability was not effected by prior treatment with PHMPSA - as assessed 
by ethidium bromide after the 1 week culture period.
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incubated  w ith  PHMPSA on ly  in  PBSG media. A la rg e r  experim ent was 
c a r r ie d  out w ith  N = 7 norm als and r e s u l t s  shown in  F ig . 4 .1 4 . ,  again  
showing ID50 to  be 12 mM PHMPSA.
R ela tiv e  p e rc e n t IgG sy n th e s is  was found to  be dependent on th e  
d e n s i ty  o f c e l l s  incubated  w ith  a p a r t ic u la r  PHMPSA c o n e n tra tio n  s in ce
c e l l s  a t  1 x 10^/ml showed an ID50 o f 7 .5  /j M w ith  as  l i t t l e  a s  15 mM
PHMPSA causing  a 100% su p p ress io n  of IgG s y n th e s is .  C e l ls  a t  2 .5  x 
10^/ral showed an ID50 o f 10 mM w ith  50 M PHMPSA g iv in g  90%
g
su p p ress io n  o f IgG s y n th e s is .  C e l ls  a t  5 x 10 /m l showed an ID50 o f 12 
mM w ith  50 mM PHMPSA g iv in g  85% suppression  of IgG s y n th e s is .  C e lls  a t  
10 x 10^/ml showed an ID50 o f 30 mM w ith  50 ^M of PHMPSA showing
app ro x im ativ e ly  70% su p p ress io n  o f IgG s y n th e s is . In  a l l  c a se s  100 fJM 
PHMPSA showed approx im ate ly  100% suppression  o f IgG s y n th e s is  b u t 
l i t t l e  e f f e c t  on c e l l  v i a b i l i t y  (F ig s . 4 .1 5 ) . IgM p ro d u c tio n  showed a 
s im ila r  t h io l  dependence (d a ta  n o t shown). A 60 m inute in cu b atio n  a t
O
37 C was chosen to  a llow  s ig n i f ic a n t  immunoglobulin in h ib i t io n  (T able 
4 .3 )  w ithou t app reciab ly  a f f e c t in g  c e l l  v i a b i l i t y  (T ab le  4 .4 ) .  A 1 
hour in cu b atio n  a t  37 C i t s e l f  reduced immunoglobulin s y n th e s is  due 
to  p r e f e r e n t ia l  lo s s  o f B c e l l s  w ith  tim e (T ab le  4 .5 ) ,  b u t c e l l  
v i a b i l i t y  i s  n o t reduced s ig n i f ic a n t ly  i f  v e s se l  l i d s  a re  l e f t  loose  
f o r  CO2/O2 exchange to  occur (T able 4 .6 ) .
4 . 5 .  COMPARISON OF IgG AND IgM SYNTHESIS 
IN VARIOUS PATIENT GROUPS AND NORMALS.
In th e  l ig h t  of th e  th io l  dependence of immunoglobulin p ro d uction  









F I G .4 . 1 4  EFFECT OF PREINCUBATION OF PBMNC IN PBSG WITH PHMPSA
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Cells at 5 x 10 /ml in PBSG were incubated with various concentrations of
PHMPSA for 1 hour at 37 °C then washed and cultured for 1 week in medium
with 1:200 PWM.
FIG. 4 .1 5  EFFECT OF CELL DENSITY IN WHICH CELLS ARE INCUBATED
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Where ID50 is the concentration of PHMPSA causing 50 % inhibition 
of IgG synthesis.
Each line represents mean of n = 3 individuals (SEM omitted for clarity).
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TABLE 4 . 3
TIME COURSE OF 7. INHIBITION OF IgG PRODUCTION USING 5 0  *;M PHMPSA, 
PREVIOUSLY SHOWN TO GIVE ALMOST MAXIMUM SUPPRESSION OF IgG SYNTHESIS 
WITHOUT AFFECTING CELL VIABILITY RESULTS ARE EXPRESSED AS MEAN ±  SEM 
( n  = <f).
TIME ( mi n )  RELATIVE 55 IgG SYNTHESIS
0 0 
15 5 0  ±  16  55
3 0  6 0  ±  11 7.
6 0  7 2  ±  1 2  7.
9 0  8 2  ±  12  55
6 0  (NO PHMPSA) 0
TABLE 4.4
VIABILITY OF CELLS INCUBATED IN ABSENCE OR PRESENCE OF 5 0  ^M PHMPSA
FOR VARIOUS LENGTHS OF TIME.
TIME ( mi n )  NO PHMPSA WITH PHMPSA
0 1 00  7. 1 0 0  55
15 1 0 0  55 9 8  7.
3 0  100  55 9 8 55
6 0  9 9  7. 9 7  55
9 0  977. 19 A- 7. |
I't'
v i a b i l  i t y  
u n a c c  e t  t a b  1 y low
TABLE 4 . 5
EFFECT OF 1 HOUR INCUBATION AT 3 7  *C ON IgG PRODUCTION, CELLS EXPOSED 
TO 57. COg/AIR THROUGHOUT THE INCUBATION PERIOD. RESULTS ARE EXPRESSED
PBMNC IgG PRODUCED, HAVING SUBTRACTED BKG LEVELS.
SUBJECT N o . TIME O' TIME 6 0
1 A 238 3 2 9 5
a 1781 1 1 0 0
3 5 9 5 5 7 7
TABLE 4 . 6
COMPARISON OF INCUBATIONS WITH/WITHOUT VARIOUS PHMPSA CONCENTRATIONS 
AT 3 7 *C IN A WATER BATH WITH THE TUBE LID TIGHTLY CLOSED OR WITH LOOSE 
LIDS ALLOWING GASEOUS EXCHANGE TO TAKE PLACE, ON 7. VIABLE CELL 
REMAINING.
PHMPSA ( ( J f t ) CLOSED LID (n  = 2 )  LOOSE LID <n = U )
6 . 2 5 9A 7. 9 8
1 2 . 5 0 91 7. 9 8
2 5 . 0 0 8 6  7. 9 8
5 0 . 0 0 7 7  7. 9 7
1 0 0 . 0 0 7A 7. 9 0
NO PHMPSA 95 7. 99 7.
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p a t ie n t  g roups, to  see  i f  reduced serum th io l  le v e ls  and th e re fo re  
presum ably reduced c e l l  su rfa c e  t h io l  le v e ls  a re  a sso c ia te d  w ith  
d e fe c t iv e  immunoglobulin s y n th e s is  (T able 4 .7  summarises the  p a t ie n t  
p o p u la tio n  used th roughou t th e  rem aining s e c t io n  o f th e  t h e s i s ) .
S ince no d if f e r e n c e s  were observed in  RA p a t ie n t s  + / -  RF a l l  such 
p a t ie n ts  were grouped to g e th e r . Median PWM s tim u la te d  IgG p ro d u c tio n  
(F ig . 4 .1 6 ) in  RA-DPEN and AS/PSA p a t ie n ts  and norm als was found to  be 
n o t d is s im i la r ;  however IgG p ro d u c tio n  in  RA NSAID p a t ie n t s  was 
s ig n i f i c a n t ly  (p < 0 .005) decreased  compared to  norm als. T h is i s  
p a r t ly  due to  th e  s ig n i f ic a n t ly  ra is e d  spontaneous IgG s y n th e s is  (p  < 
0.05  compared to  norm als) (T able 4 .8 ) :  in  f a c t  i t  was o f te n  2 to  3 
tim es h ig h e r, which could be due to  d e fe c t iv e  im m unoregulation, in  
p a r t i c u la r  d e fe c ts  in  su p p resso r lym phocytes, p re v e n tin g  “ sw itch in g  
o f f ” o f IgG p ro d u c tio n .
F ig . 4 .17  shows median PWM s tim u la te d  IgM p ro d u c tio n  in  norm als 
and AS/PSA and RA D-PEN p a t ie n ts  was n o t d is s im ila r ;  however i t  was 
s ig n i f ic a n t ly  reduced in  RA NSAID p a t ie n ts  (p < 0 .0 5 ) . The reduced IgM 
le v e ls  here  were n o t th e  r e s u l t  o f ra is e d  spontaneous IgM p ro d uction  
s in c e  t h i s  was n o t s ig n i f i c a n t ly  d i f f e r e n t  in  a l l  4 groups (T able
4 .9 ) ,  a lthough  th e  tre n d  was fo r  g re a te r  spontaneous IgM sy n th e s is  in 
RA NSAID, p o s s ib ly  r e f l e c t in g  d e fe c t iv e  su p p resso r lymphocyte system s.
In  th e  l ig h t  o f th e  PHMPSA experim ent showing th e  th io l  
dependence of th e  immunoglobulin p r o d u c t io n , i t  was wondered whether 
th e  d e fe c t iv e  PWM s tim u la te d  immunoglobulin s y n th e s is  observed in RA 
NSAID p a t ie n ts  was due to  th io l  o x id a tio n  of fu n c t io n a l ly  im portan t
TABLE 4 . 7
DESCRIPTIVE SUMMARY OF ALL BATIENT POPULATION USED THROUGHOUT THE TH E SIS. DATA 
EXPRESSED AS MEDIAN (RANGE IN BRACKETS) .
RA N S A I D RA D - P E M/ G O L D A S / P S A S LE
NUMBER 2 6
17 ( 1 2  D - P E N  
AND 5 GOLD)
1 7  ( 1 3  AS  
AND A P S A ) 7
M : F 8 : 1 8 6 : 1 1 9 : 8 0 : 7
AGE
( y e a r s )
6 2
( 1 9  -  8 2 )
AS
( 2 1  -  7 6 )
A 6
( 2 7  -  7 9 )
5 7
( A9  -  6 5 )
D I S E A S E  
DURAT I ON § 
( MO N T H S )
6 . 5  
( 1 - A 2  )
6 . 0  
( 1  -  2 8  )
1 6
( 1  - 3 8 )
6
( 5  -  1 0 )
TREATMENT  
D URAT I ON  











( m g / d a  y )
N S A I D s  : 
VAR I AB L E
D - P E N  5 0 0  
( 1  2 5  -  6 2 5  ) 
GOLD C A V G . / D A Y 3  
3 . 7  ( 0 . 5  - 7 . 1 )
1A ON N S A I D s  
WHEN NE E DE D  
( V A R I A B L E  DOS E )  
3 ON NO Rx
2 ON HYDROXY-  
CLORQQ’J I NE 
( AOO )
A C T I V E  * 
P E R I P H E R A L  
S Y N O V I T I S
S E V E R E  2 6
MODERATE
NOT P R E S E N T  -
S EVE RE 3 
MODERATE 13  
NOT P R E S E N T  1
S E V E R E
MODERATE 12  
NOT P R E S E N T  5
S E VE RE
MODERATE
NOT P R E S E N T  7
E X T R A -  
ARTI C' J LAR  
D I S E A S E
1 A / 2 6 1 / 1 7 1 / 1 7 1 / 7
R . F .
( I U / M L )
9 7 .  5 
( 0  -  6 2 0 )
1 0 1  
( 0  -  2 0 8 A ) -
2 5




( 2 3  -  1 8 0 )
1 0 5  
( 1 5  -  2 1 0 )
- -
CRP * 
( g / 1  )
0  . 0  A5 
< 0 . 0 1  -  0  . 2 0 A >
0 . 0 2 7  
( 0 . 0 1  -  0 . 0 6 A )
0 . 0 1  
( 0 . 0 1  -  0 . 0 1 1 )
0 . 0 3 8  
( 0 . 0 1 5 -  0  . 0 6 2 )
V I S C O S I T Y  
( c p )
I . 8 8  
( 1 . 5A -  2 . 2 9 )
1 . 9
( 1 . 5  - 2 . 1 0 )
1 . 7 2  
( 1 . 6 1  - 1 . 8 5 )
1 . 7
( 1 . 6 e  -  I . 7 2 )
W0C
( 1 0 * / 1 )
7 . 3
( A . 1 - 1 5 . 9 )
7 . 7
( A . 8  - 1 0 . 2 )
6 . 6  
( A . 8 - 8  . A )
7 . 0  
( 6 . 3  - 7 . 6 )
PL TS 
( 1 0 5*/ I )
3 5 3  
( 1 9 8  - 6 2 6 )
3 5 1
( 2 1 2  -  5 3 A )
3 1 1
( 2 5 3  -  5 2 A )
3 1 3  
( 2 9 3  -  3 3 3 )
LYMPHOCYTES  
( I 0 s* / 1 )
1 . 6
( 0 . 8  -  3 . 6 )
1 . 6
( 0 . 8  -  2 . 0 )
1 . 7
( 0 . 9  -  2 . 7 )
1 . 6
( 0 . 9  -  2 . 3 )
Hb
( g /  d 1 )
1 1 . 7  
( 8 . 1  -  1 A . 9 )
1 3 . 1  
( 1 0 . 3  -  1 6 . 0 )
1 3 . 6  
( 1 1 . 6  -  1 6 . 2 )
1 3 . 2  
( 1 2 . 1  -  1 ^ . 3 )
HLA E E 7 + v e 5 / 1 7  (2 9 * / . )
§ = <  1 t a k e n  a s  1
* = a s  a s s e s s e d  by r e f e r r i n g  p h y s i c i a n  
$ = < 0 . 0 1  t a k e n  a s  0 . 0 1
LABORATORY RANGES EQR NORMAL HEALTHY CONTROLS
RF 0 -4 0  IU /m l ( l a t e x  a g g l u t i n a t i o n  t e s t )
EMS 0 m in u te s
ESR >15 mm/h ( m a le s )
>20 mm/h ( f e m a l e s )
CRP < 0 .0 1  g /1
VISCOSITY 1 . 5 - 1 . 7 2  cp
WBC 4 - 1 1  x  1 0 9/ 1
PLTS 1 5 0 -4 5 0  x  1 0 9/ 1
L0 1 . 5 - 4 . 0  x 109/ 1
Hb 1 3 .5 - 1 7 .0  g / d l  ( m a le s )
1 1 .5 - 1 5 .5  g / d l  ( f e m a l e s )
SERUM -SH LEVELS 3 5 0 -5 8 0  t m o l / 1
IgA  1 . 5 - 4 . 0  g / 1  ( N e p h e lo m e t r y )
IgG  8 -1 7  g /1  ( N e p h e lo m e tr y )
IgM 0 . 6 - 2 . 0  g /1  ( N e p h e lo m e tr y )
TABLE 4.7 ( c o n t in u e d )
FIG. 4 . 1 6  EFFECT OF PREINCUBATION WITH 2-ME ON SUBSEQUENT IgG PRODUCTION






















By Mann-Whitney U -te s t :
* = p <0.005 vs. IgG production in  absence of 2-ME in  normals.
** = NS vs. IgG production in  absence of 2-Me in  normals.
*** = NS vs. IgG production in  absence of 2-ME in normals.
Paired  comparison?within each p a t ie n t  group were c a r r ie d  out by Wilcoxon 
signed rank t e s t .
R esu lts  re p re sen t  median IgG production (1:200 PWM -  BKG) fo r  n = 10 
in d iv id u a ls  in each group; IQR were o.mitted fo r  c l a r i t y .
C ells  were preincubated a t  5 x 10 /ml with 50 uM 2-ME fo r  1 hour a t  37 °C, 
washed and then cu ltu red  with 1:200 PWM for 1 week.
NS
NORMALS RA NSAID RA D -P E N /A JU  A S /P S A
C X 7 I  NO 2 - M E  [ X X I  WITH 2 - M E
TABLE 4 . 8
BACKGROUND IgG SYNTHESIS IN VARIOUS PATIENT GROUPS. RESULTS EXPRESSED AS 
ng/106 PBMNC
NORMALS RA NSAID RA D-PEN AS/PSA
NO 2-ME 239 ^50 238 250
WITH 2-ME 138 500 205 225




BACKGROUND IgM SYNTHESIS IN VARIOUS PATIENT GROUPS. RESULTS EXPRESSED 
AS ng/106 PBMNC
NORMALS RA NSAID RA D-PEN AS/PSA
NO 2-ME 180 217 190 1^5




FIG. 4 . 1 7  EFFECT OF PREINCUBATION WITH 2-ME ON SUBSEQUENT IgM PRODUCTION
IN VARIOUS PATIENT GROUPS

















NORMALS RA NSAID RA D - P E N /A U
[ T V ]  NO 2 - M E  E*TX I WITH 2 - M E
A S /P S A
p <0 .05
By Mann-Whitney“U - te s t :
* = p < 0 .0 5  vs. IgM production in absence of 2-ME in  normals.
** = NS vs. IgM production in  absence of 2-ME in normals.
* * *  = NS vs. IgM production in  absence of 2-ME in  normals.
Paired comparison w ith in  each group were c a r r ie d  out by Wilcoxon 
signed rank t e s t .
Results  rep re sen t  median IgM production (1:200 PWM -  BKG) fo r  n = 8
ind iv id u a ls  in  each group; IQR were o.mitted fo r  c l a r i t y .
6C ells  were preincubated a t  5 x 10 /ml with 50 uM 2-ME for 1 hour a t  37 °C, 
washed and then cu ltu red  with 1:200 PWM for 1 week.
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c e l l  su rfa c e  t h io l  groups and thus w hether the  s i tu a t io n  could be 
r e c t i f i e d  in  v i t r o  by in cu b atio n  o f PBMNC w ith  2-M ercaptoethanol 
(2-ME), a t h io l  red uc ing  agen t.
4 . 6 .  EFFECT OF 2-ME ON IgG  AND IgM SYNTHESIS 
IN VARIOUS PATIENT GROUPS AND NORMALS.
In  p re lim in a ry  experim ents i t  was found th a t  p re in c u b a tio n  o f
v a rio u s  c o n c e n tra tio n s  of 2-ME fo r  1 hour w ith  PBMNC p r io r  to  an 8 day 
PWM s tim u la te d  c u l tu re  p e riod  d id  in c re a se  IgG s y n th e s is  in  N = 3 RA
NSAID p a t ie n ts  and th e  optimum 2-ME c o n ce n tra tio n  to  u t l i s e  w ithou t 
a f f e c t in g  c e l l  v i a b i l i t y  was 50 mM, s in c e  a t  500 mM th e re 'w a s  70% c e l l  
d ea th  (F ig . 4 .1 8 ) ;  a s im ila r  c o n ce n tra tio n  was op tim al fo r  IgM
sy n th e s is  (d a ta  n o t shown). Leaving 2-ME in c u l tu re s  fo r  8 days had a 
s im ila r  e f f e c t  (d a ta  n o t shown). The e f f e c t  of p re in c u b a tio n  w ith  50 
MM 2-ME on PWM s tim u la te d  IgG sy n th e s is  was su b seq u en tly  s tu d ie d  in  a 
la rg e r  group o f p a t ie n ts  and compared to  i t s  e f f e c t s  on o th e r  p a t ie n t  
groups (F ig . 4 .1 6 ) .
2-ME s ig n i f i c a n t ly  improved (p < 0 .0 5 ) IgG p ro d u c tio n  on ly  in  RA 
NSAID, having a minor b u t n o t s ig n i f ic a n t  e f f e c t  on norm als, RA-DPEN
and AS/PSA p a t ie n ts ;  s im ila r  n o rm a liza tio n  o f immunoglobulin 
p ro d u c tio n  was found fo r  IgM s y n th e s is  in  RA NSAID (F ig . 4 .1 7 ) , w ith  
m ild b u t non s ig n i f ic a n t  e f f e c t s  on norm al, RA D-PEN, AS/PSA s u b je c ts .
The h y p o th esis  under in v e s t ig a t io n  in t h i s  p r o je c t  i s  th a t  
d e fe c t iv e  immunoregulation seen in  RA NSAID is  due to  o x id a tio n  o f


















  [2-ME] OjM)
U~7\ MEAN (n -  3)
The optimum 2-ME c o n ce n tra t io n  to  s t im u la te  IgG produc tion  in  RA NSAID 
was found to  be 50 pM.
V ia b i l i ty  a t  0, 5, 10 uM was = 99%
V ia b i l i ty  a t  5o;loo  was = 95%
V ia b i l i ty  a t  500 yiM was = 30%
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o x id a tio n  i s  p r im a r i ly  the  r e s u l t  o f th e  h ig h ly  r e a c t iv e  oxygen-free  
r a d ic a ls  sp e c ie s  produced a t  s i t e s  of inflam m ation , one such sp e c ie s  
be ing  1 ^ 2 .  Such m olecules cause f r e e  -SH groups to  be ox id ized  to  
form d isu lp h id e  bonds With neighbouring  th io l  g roups e i th e r  w ith in  th e  
same p ro te in  m olecule, c a lle d  in tram o le c u la r  S-3 bonds, o r between 
sm all th io l- c o n ta in in g  m olecules in  th e  serum e .g . c y s te in e  o r 
g lu ta th io n e  to  form in te rm o le c u la r  S-S bonds.
4 . 7 .  EFFECT OF ON IgG  SYNTHESIS.
In an a ttem p t to  more p re c is e ly  mimic th e  in  v ivo  s i tu a t io n ,  
r a th e r  than  u s in g  th e  n o n -p h y s io lo g ica l t h io l  b lo ck in g  agen t PHMPSA 
which p robab ly  b lo ck s  f r e e  -SH groups by b in d in g  to  th e  su lp h u r atom 
w ith  i t s  Hg m oiety , i t  was decided  to  in v e s t ig a te  th e  e f f e c t  o f 
v a r io u s  doses o f l e f t  in  c u l tu re  on IgG s y n th e s is  (F ig . 4 .1 9 ) .
The e f f e c t  o f p a r a l le le d  th a t  u s in g  PHMPSA, i . e .  i t  in h ib ite d  IgG
s y n th e s is . In  norm als IgG s y n th e s is  f e l l  s ig n i f i c a n t ly  on ly  a f t e r  10 
mM H2O2 b u t c e l l  v i a b i l i t i e s  were in h ib i te d  by 50% a t  t h i s  
c o n ce n tra tio n  and IgG sy n th e s is  was ab o lish ed  a t  50 ijM ^ ^ 2  -  no^
s u rp r is in g ly  s in ce  c e l l  v i a b i l i t y  was o b l i t e r a te d  a t  th i s  
c o n c e n tra tio n . There was a s l i g h t  s t im u la tio n  o f IgG s y n th e s is  a t  very  
low H2O2 c o n c e n tra tio n s  (10 to  50 nM) seen bo th  in  PWM s tim u la te d  and 
background c u l tu re s ,  in d ic a t in g  a s l i g h t  m itogenic  e f f e c t  o f ^ 2^2 
a lo n e . S im ila r  tre n d s  were found in  RA-DPEN (F ig . 4 .2 0 ) , AS/PSA 
p a t ie n ts  (F ig . 4 .2 1 ) and RA NSAID p a t ie n ts  (F ig . 4 . 22) .  There was some 
evidence to  su g g est th a t  RA NSAID p a t ie n ts  may be s l i g h t l y  more 
















FIG.4.19 EFFECT OF H 0 LEFT IN CULTURE
2 2
ON IgG PRODUCTION IN NORMAL SUBJECTS
100 500 1,000 10.000 50,000
[H202] (nM)
LX X i +  PWM -  BKG
100,000
Showing mean IgG production with and without H^O^ (with and without 1:200
















FIG.4 . 2 0  EFFECT OF H O  LEFT IN CULTURE
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FIG.4.21 EFFECT OF H 0 LEFT IN CULTURE
2  2
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Showing mean IgG production with and without H^O^ (with an^ without 1:200















FIG. 4 . 2 2  EFFECT OF H 0 LEFT IN CULTURE
2  2
ON IgG PRODUCTION IN RA NSAID PATIENTS
0 0.1 10 100 1.000 5,000 10.000 50,000
  rH202l (nM)
CT71 BKG IX A ) +  PWM -  BKG
^ ---
100,000
Showing mean IgG p roduction  w ith  and w ithout (w ith  and w ithout 1:200
PWM) in  n = 4 in d iv id u a ls ;  SEM were om itted  fo r  c l a r i t y .
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groups on th e i r  c e l l s  than  th e  o th e r groups (F ig . 4 .2 2 ) .
results
In  th e  l ig h t  o f th e  above^ showing th e  t h io l  dependence of 
immunoglobulin s y n th e s is  and d e fe c t iv e  PWM s tim u la te d  immunoglobulin 
sy n th e s is  in  RA NSAID (p robab ly  due to  t h io l  o x id a tio n  on monocytes 
and lymphocytes [1 ]), and th e  ra is e d  spontaneous IgG and IgM sy n th e s is  
causing  hyperglobulinaem ia, we turned  to  su p p resso r c e l l  a ssay s  to  see 
w hether th e  i n a b i l i t y  to  sw itch  o f f  immunoglobulin s y n th e s is  in  RA 
NSAID p a t ie n t s  i s  due to  d e fe c t iv e  su p p resso r c e l l  system s, which 
could  them selves be t h io l  dependent.
4 . 8 .  SETTING UP THE CON-A INDUCED SUPPRESSOR CELL ASSAY 
FOR SUPPRESSION OF Ig  SYNTHESIS.
The method i s  a m odified v e rs io n  o f th a t  d e sc rib e d  by Dr. 
G eorgina Smith [9 ] . Optim al param eters fo r  bo th  th e  CON-A su p p resso r 
c e l l  g e n e ra tin g  system  and c o -c u ltu re  in d ic a to r  system  were determ ined  
in  normal c o n tro ls  as fo llo w s .
I n i t i a l  experim ents were s e t  up to  f in d  th e  op tim al dose of 
Conconavalin-A  to  use in  th e  CON-A induced su p p re sso r c e l l  a ssay  fo r  
IgG and IgM sy n th e s is  w ithou t a p p re c ia b ly  a f f e c t in g  c e l l  v i a b i l i t y  
(F ig s . 4 2 3 -4 .2 4 ) . 10 Mg/ml CON-A f u l f i l l e d  bo th  req u irem en ts .
I r r t h e  fo llo w in g  parag raphs only  param eters  fo r  th e  IgG assay  a re  
shown, bu t s im ila r  r e s u l t s  were ob ta ined  fo r  IgM.
IgG s y n th e s is  was found to  be maximally suppressed  a t  a PWM 
d i lu t io n  o f 1:200 (T able 4 .1 0 ) , which was p re v io u s ly  found to  be
FIG. 4.23
DOSE-RESPONSE CURVE FOR VRRIOUS CON-A CONCENTRATIONS 





-1 0 0 .J a a a  a
10 yg/ml1 jig/ml
10 ug/ml Con-A represents an optimum concentration to use, giving high 
suppression of IgG synthesis and no loss in cell viability.
Horizontal bars represent median relative % IgG synthesis.
FIG. 4 .2 4
CON-A DOSE-RESPONSE CURVE FOR CON-A INDUCED SUPPRESSOR 







0.05 K9^l- 10 ng/ml
CON-fl COM-fi COM-fl
10 ug/ml Con-A represents ancptimum concentration to use, giving high 
suppression of IgM synthesis and no loss of cell viability.
Horizontal bars represent median relative % IgM synthesis.
TABLE 4 ,1 0
TABLE TO SHOW THAT 7. SUPPRESSION OF IgG SYNTHESIS IS MAXIMAL AT THE 
PWM DILUTION OF 1 : 2 0 0  WHICH WAS PREVIOUSLY FOUND TO BE OPTIMAL FOR 
STIMULATION OF IgG SYNTHESIS
PWM 
d i  1 .
1 / H O 1 /  AO 1 / 2 0 0 1 / AOO 1 / 1 0 0 0 1 / 2 0 0 0
n 1 5 a AH 7 1 1 1 3
R E L A T I V E
7. I g G - 8 0 7 . - 5 5 7 . - 8 6  7. - 7 7  7. - 7 0  7. - 3 3  7.
S Y N T H E S I S
±  SEM ± S
±1 A ±2 ± 5 ± 7 ± 7
TABLE 4.11
e REPRESENTATIVE SAMPLE OF ACTUAL DATA ( n g /  / 1 06 RESPONDER CELLS) FROM 
16 NORMAL SUBJECTS OVER A RANGE OF PWM DILUTIONS SHOWING MAXIMUM 7. SUPPRESSION-  
OF IgG SYNTHESIS AT 1 / 2 0 0  PWM DILUTION; RESULTS EXPRESSED AS MEAN ±  SEM. .
PWM D I L U T I O N S 1 / AO 1 /  2 00 1 / AGO 1 /  1 00  0 1 / 2 0 0 0
UN T RE A T ED  COCULTURE  
-  BACKGROUND
1 O A 1 ± A 3 9 1 6 0 0 + 3 A 2 1 A 9 3 + 5 9 0 1 1 8 5 + 3 1 8 1 3  A 0 ± 5  2  3
C O N- A  COC.ULTURE 
-  BACKGROUND
1A 5 ± 5 5 2 2 7 ± 6 3 2 7 2  ± 1 6  3 7 0 7 ± 3 3 5 3 5 5 ± 1 2
MEAN R E L A T I V E  7. 
OF I g G  S Y N T H E S I S
- 8 6 - 3 6 -  8 2 - 7 2 -  7  A
212
op tim al fo r  s t im u la t in g  IgG s y n th e s is  (T able 4 .2 )  T able  4 .11 
i l l u s t r a t e s  r e p re s e n ta t iv e  examples o f a c tu a l  IgG d a ta  used to  
c a lc u la te  r e l a t iv e  p e rc en t IgG s y n th e s is  v a lu e s .
T able 4 .12  shows th a t  3 mM and 0 .3  M c*-methylmannoside were 
g e n e ra l ly  found to  be e q u a lly  e f f e c t iv e  a t  removing CON-A from c e l l  
s u r fa c e s  and p re v e n tin g  “ c a rry  o v er” to  th e  responder c e l l s  in  th e  
c o c u ltu re , bu t s in c e  0 .3  M was the  more commonly quoted va lu e  in  the  
l i t e r a t u r e ,  i t  was used in  subsequent experim en ts. 0 .3  M 
a-m ethylm annoside caused no s ig n i f ic a n t  d ecrease  in  c e l l  y ie ld ,  c e l l  
v i a b i l i t y  o r subsequent response o f c e l l s  to  PWM. There was found to  
be no s ig n i f ic a n t  d if f e r e n c e  in  th e  r e l a t i v e  p e rc e n t IgG s y n th e s is  
w hether th e  c o c u ltu re s  were s e t  up fo r  8 days ( in  th e  e x p o n en tia l 
phase o f IgG p ro d u c tio n  (F ig . 4 .1 2 ) o r 12 days (around which maximal 
IgG p ro d u c tio n  occurs (F ig . 4 .1 2 )); th u s  fo r  convenience 8 days was 
ch osen .
Table 4 .13  shows th a t  a lthough  c e l l  v i a b i l i t y  f e l l  g ra d u a lly  from 
th e  PBMNC se p a ra tio n  s ta g e  onwards, i t  never f e l l  below 90% even a t  
th e  end of th e  8 day PWM s tim u la te d  c o c u ltu re  p e r io d .
Table 4 .14  shows th a t  on comparison o f th re e  d i f f e r e n t  methods 
fo r  removing CON-A induced e f f e c to r  (p u ta t iv e  su p p resso r c e l l s )  no 
s ig n i f ic a n t  d if f e re n c e  was observed , b u t i t  was found to  be more 
conven ien t to  use  a  “ rubber policem an” and th i s  was a lso  le s s  prone to  
con tam ination  problem s.
t
Sample su p e rn a ta n ts  were c o lle c te d  fo r  IgG a n a ly s is  by c a r e f u l ly  
p ip e t t in g  o f f  a 150 Ml a l iq u o t .  Spinning the  com plete 200 Ml sample to
TABLE 4 .1 2
INCREASING CO-CULTURE TIME DOES NOT ALTER RELATIVE 7. OF IgG 
SYNTHESIS OBSERVED; 2  DIFFERENT DOSES OF ct-METHYL-MANNOSIDE WERE FOUND 
TO BE EQUALLY EFFECTIVE AT REMOVING CELL BOUND CON-A.
DAY OF HARVE ST
DAY
R e mo va l  o f  Con- A w a s  s h o wn  t o  b e  n e c e s s a r y  s i n c e  i t  o t h e r w i s e  c a u s e d  
s i m u l a t i o n  o f  r e s p o n d e r  c e l l s ,  and t h e r e f o r e  r e d u c e d  s u p p r e s s o r  
a c t i v i t y .
TABLE 4.13
VIABILITY STUDIES AT DIFFERENT STAGES DURING THE CON-A 
INDUCED SUPPRESSOR ASSAY.
AFTER FI COLL SEPARATION 9 9  7.
AFTER ^8 h WITH CON-A 10 jug/ml  9 6  7.
AFTER 7  DAYS IN CO-CULTURE -  PWM + PWM
* UNTREATED CO-CULTURE 9 6  7. 9 5  7.
* CON-A CO-CULTURE 9 5  7. 9 0  7.
* UNT. CELLS HARVESTED, 2ME TREATED, WASHED, THEM COCULTURED 9 6  7. 9 5  7.
* CON-A TREATED CELLS HARVESTED, 2ME TREATED, WASHED,
THEN COCULTURED 9 5  7, 9 0  7.
TABLE 4 . 1 4
DIFFERENT METHODS OF REMOVING EFFECTOR CELLS AFTER SUPPRESSOR 
CELL GENERATION DOES NOT ALTER SUBSEQUENT RELATIVE 7. OF IgG SYNTHESIS.
S Q U I R T / P I P E T T E S C R AP E  WITH RUBBER  
P OL I CE MAN
G E N T L Y  P I P E T T E  OFF  
NON ADHERENT C E L L S
n = 1 3  
-  9 3 7 ± 5
T
T-
n = 2 9
-  8 7  7. ±  2  
N . S --------------- ^
M
n = 2 
-  9 3  Y.  ±  6
TABLE 4.15
OPTIMAL TOTAL DENSITY FOR CO-CULTURE TO OBTAIN MAXIMUM 
SUPPRESSION OF IgG SYNTHESIS WITHOUT INHIBITION OF CELL VI ABI LITY.
6 6 6 
0 . 5  x 10 / m l  1 . 0  x 10 / m l  2 . 0  x 10 / m l /
n = 1 n = 6 n = 4 2
-8 37 .  - 797 .  ±6  - S6 7 . +2
TABLE 4.16
REPRODUCIBILTY OF SUPPRESSOR CELL GENERATION AS SEEN BY ABILITY TO 
SUPPRESS IgG SYNTHESIS ON DIFFERENT DATES.
SUB J . SEX AGE DATE RELATIVE 7. 
IgG SYNTHESIS
DATE RELATIVE 7. DATE RELATIVE 7.
IgG SYNTHESIS IgG SYNTHESIS
1 F 2 1 - 0 4 - 9 6 - 7 5 0 2 - 1 2 - 9 6 - 8 0
2 F 0 8 - 0 7 - 8 6 - 1 00 0 1 - 12-86 - 8 4
3 F 2 3 - 0 6 - 3 6 - 9 3 0 2 - 1 2 - 3 6 - 9 5  1 2 - 0 2 - 9 6  - 7 4
4 F 01 - 11-86 - 10 0 1 0 - 0 3 - 8 7 - 9 6
5 F 0 1 - 12-86 - 100 12-Q2-B7 - 9 5
6 M 2 5 - 1 1 - 0 6 - 7 4 1 0 - 0 3 - 9 7 - 7 9
7 M 0 2 - 1 2 - 9 6 - 9 2 05 -0 5 -e7 - 9 7
a F 0 3 - 0 4 - 0 7 - 7 9 0 7 - 0 3 - 3 7 - S 3
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remove c e l l s  was found to  be no t n ecessa ry  a s  long as c a r e fu l  
p ip e t t in g ,  so n o t to  d is tu r b  th e  c e l l s ,  was c a r r ie d  o u t.
Table 4 .1 5  shows th a t  th e  op tim al c e l l  d e n s i ty  fo r  th e  c o c u ltu re
g
was 2 x 10 /m l w ith o u t in h ib i t in g  c e l l  v i a b i l i t y .
Table 4 .1 6  shows th a t  th e  assay  was h ig h ly  re p ro d u c ib le  w ith in  an 
in d iv id u a l over an extended p e rio d  of tim e.
F ig . 4 .25  shows th a t  th e  only  p o p u la tio n  o f c e l l s  in  the  
c o c u ltu re  a b le  to  produce IgG were th e  responder c e l l s ,  th e  u n tre a te d  
o r CON-A tr e a te d  e f f e c to r  c e l l s  p roducing  le v e ls  o f IgG e q u iv a le n t to  
background p ro d u c tio n . L ikew ise in  a l l  p a t ie n t  groups, in c lu d in g  SLE, 
on ly  responder c e l l s  made IgG, and PWM s tim u la te d  IgG p ro d u c tio n  from
g
e f f e c to r  c e l l s ,  however t r e a te d ,  was always le s s  than 200 ng x 10 /m l,
th e re fo re  l ik e  background le v e ls .  In  2 ou t o f 23 RA NSAID p a t ie n ts
0
e f f e c to r  c e l l s  produced up to  600 ng x 10 /m l IgG.
I t  was found th a t  on ly  a d d itio n  o f CON-A tr e a te d  e f f e c to r  c e l l s ,
n o t u n tre a te d  c e l l s ,  to  responder c e l l s  caused a s ig n i f ic a n t  red u c tio n
in  IgG sy n th e s is  (F ig . 4 .2 6 ) . F ig . 4 .26  shows th e  PWM s tim u la te d  IgG
0 0
p ro d uction  in  c o c u ltu re s  and from both  2 x 10 /m l and 1 x 10 /m l 200
Ml c u l tu re s  o f responder c e l l s .  Both o f th e  l a t t e r  two were shown
because i t  i s  d i f f i c u l t  to  d ec id e  which one i s  b e s t  to  use fo r
comparison w ith  th e  UNT and CON-A t re a te d  c o c u ltu re s , s in c e  the
0
c o c u ltu re s  co n ta in  a f i n a l  c e l l  d e n s i ty  of 1 x 10 /m l responder c e l l s
0
b u t a t o t a l  c e l l  d e n s i ty  o f 2 x 10 /m l PBMNC. S ince th e  IgG o u tp u t
0
from UNT c o c u ltu re s  i s  g r e a te r  than  th a t  from the  2 x 10 /m l responder 
c e l l s  c u l tu re  a lo n e , and i t  i s  a lre ad y  known th a t  on ly  responder c e l l s
FIG. 4.25 EFFECT OF ADDITION OF UNTREATED OR CON-A TREATED CELLS
ON IgG SYNTHESIS FROM RESPONDER CELLS
RESP.+UNT 1:1 RESP;+GON-A
1:1
1771 MEAN EQ3 SEM
All c e l l s  were grown as 200 p i c u l tu r e s .
g
Only a d d i t io n  o f  100 u l o f  2 x 10 /ml CON-A t r e a t e d  c e l l s  to  100 u l o f  
62 x 10 /ml responder c e l l s  caused s ig n i f i c a n t  supp ress ion  of IgG 
sy n th es is  from the  responder c e l l s .
R esu lts  re p re se n t  mean IgG sy n th es is  (1:200 PWM -  BKG) + SEM fo r  
































UNTREATED CON-A +PCON-A1 x 10 /m l RESP.
(7171 MEAN POq SEM
E f fe c to r  c e l l s  were e i t h e r  u n tre a te d ,  t r e a te d  with CON-A, or t r e a t e d
with CON-A then PHMPSA (CON-A +P column). All c e l l s  were pu t up a t  
61 x 10 /ml and grown in  200 p i  c u l tu re s  fo r  1 week. R esu lts  r e p re se n t  
mean IgG s y n th es is  (1:200 PWM -  BKG) + SEM in  n = 16 n o rm a l~ su b jec ts .
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g
a re  capab le  o f making IgG, so in  e f f e c t  th e re  a re  only  1 x 10 /m l IgG 
producing  c e l l s  in  th e  UNT c o c u ltu re , i t  could  be argued th a t  th e  UNT 
c e l l s  have a c tu a l ly  enhanced IgG o u tp u t from th e  responder c e l l s .  T his 
could  be due to  lo s s  o f s h o r t  l iv e d  su p p resso r c e l l s  in  the  u n tre a te d  
e f f e c to r  c e l l  p o p u la tio n .
The optimum r a t i o  o f responder to  e f f e c to r  c e l l s  was analysed  in  
th re e  ways:
one way involved  v a ry in g  th e  r a t i o  o f e f f e c to r  to  responder c e l l s  in  a
t o t a l  c u l tu re  volume o f 200 Ml, bo th  c e l l  p o p u la tio n s  o r ig in a l ly  a t  a
c e l l  d e n s i ty  o f 2 x 10^/ml (T able 4 .1 7 , p a r t  1 ). T h is showed th a t
4'k&
a d d itio n  of more CON-A-treated e f f e c to r  c e l l s  in c re a s e d A p ercen tag e  
su p p ress io n  o f IgG s y n th e s is ,  b u t could be c r i t i c i z e d  s in c e  one could 
argue th a t  t h i s  was s o le ly  due to  th e re  be ing  few er responder c e l l s  
p re s e n t .  However, th e  f a c t  th a t  IgG p ro d u c tio n  fo r  a g iven  r a t i o  o f 
CON-A t r e a te d  e f f e c to r  to  responder c e l l  gave s ig n i f i c a n t ly  d i f f e r e n t  
r e s u l t s  to  th e  c o c u ltu re  o f th e  u n tre a te d  and responder c e l l s  a t  th e  
same r a t i o ,  would in d ic a te  th a t  i t  i s  a genuine e f f e c t  a t t r ib u ta b le  to  
th e  added CON-A-treated c e l l s  and n o t to  th e  reduced p ro p o rtio n  o f
I
responder c e l l s .  Reduced v i a b i l i t i e s  o f th e  responder c e l l s  by 
chem icals re le a se d  by th e  CON-A-treated c e l l s  could n o t account fo r  
th e  d if f e r e n c e s  s in c e  v i a b i l i t i e s  were s im ila r  fo r  a l l  r a t i o s .  The 
method could be p ra ise d  s in c e  t o t a l  c e l l  number and d e n s ity  were th e  
same w ell to  w ell and t h i s  i s  im portan t s in c e  Table 4 .2  c le a r ly  shows 
th a t  c e l l  d e n s ity  a lone  can in flu en c e  IgG s y n th e s is .
To overcome t h i s  c r i t i c i s m  a second approach was taken , in  which 
in c re a s in g  numbers of CON-A tr e a te d  e f f e c to r  c e l l s  were added to  a
TABLE 4 . 1 7
TWO OTHER WAYS TO SHOW O PT IMA L R A T I O  OF E F FE C TO R  TO R ES PO ND E R  C E L L S  
FOR C O N - A  I NDUCED S U P P R E S S I O N  OF I g G  S Y N T H E S I S :
1 ] V A R Y I NG  THE R A T I O  OF E F F E C T O R : R ES PO ND E R  C E L L S ,  K E E P I N G  TOTAL  
CUL T U R E  VOLUME AT 2 0 0  p i ,  AND BOTH CELL P O P U L A T I O N S  AT 2 X 1 0 6 / m l .
R A T I O  R E P R E S E N T S  CELL VOLUMES IN p i .
P E R CE N T V A L U ES  R E P R E S E N T  THE MEAN R E L A T I V E  P ER C E N T OF I g G  S Y N T H E S I S  IN  
THREE NORMAL S U B J E C T S .
5 0 : 1 5 0 6 7 : 1 3 3 1 0 0 : 1 0 0 1 3 3 : 6 7 1 5 0 : 5 0
- 3  27. - 6 2 7 . - S B  7. - 9 0 7 . - 9  V/.
2 3  V A R Y I NG  THE NUMBER OF EFFE CT OR  C E L L S ADDED TO A CONSTAN T NUMBER 
OF R E S P O ND E R  C E L L S ,  AND BOTH CELL P O P U L A T I O N S  AT 2  X l 0 6 / m l .
R A T I O  R E P R E S E N T S  CEL L VOLUMES IN p i .
P ER C E NT  V A L U ES  R E P R E S E N T  THE MEAN R E L A T I V E  P ERCE N T  OF I g G  S Y N T H E S I S  IN  
TWO NORMAL S U B J E C T S .
5 0 : 1 0 0 1 0 0 : 1 0 0 1 2 5 : 1 0 0 1 5 0 : 1 0 0 1 7 5  : 1 0 0 2 0 0 : 1 0 0 3 0 0 : 1 0 0
- 5 0 7 . - B O  7. -  7  B 7. - 7 6  7. - 7 5  7. - 6 8  7. - 6 7  7.
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c o n s ta n t number o f responder c e l l s  by v a ry in g  th e  volume o f the  
e f f e c to r  c e l l s  added. Both c e l l  p o p u la tio n s  o r ig in a l ly  being  a t  a c e l l
g
d e n s ity  o f 2 x 10 /m l. Table 4 .1 7 , p a r t  2, shows th a t  a one to  one 
r a t i o  gave maximum p e rcen tag e  su p p ress io n  of IgG s y n th e s is .  However, 
one could argue th a t  th e  w e lls  were n o t com parable, s in c e  a lthough  
t o t a l  c e l l  d e n s i ty  rem ained th e  same w ell to  w e ll, t o t a l  c e l l  number
d id  n o t ,  nor d id  in d iv id u a l d e n s i t i e s  of responder o r e f f e c to r  c e l l s .
I t  could  be p ra is e d  in  th a t  th e  number o f responder c e l l s  would be 
c o n s ta n t w e ll to  w e ll.
A th i r d  approach was a lso  adopted , where th e  CON-A induced 
e f f e c to r  c e l l s  were double d i lu te d  ou t in  RPMI, each w ell c o n ta in in g  
100 m  RPMI + 10% FCS, and then  a c o n s ta n t number o f responder c e l l s  
was added in  100 Ml volume. In  t h i s  way no one could argue th a t
su p p ress io n  seen was due to  re d u c tio n  o f responder .c e l l s  added, s in c e
bo th  t h e i r  number and d e n s ity  were th e  same w ell to  w e ll, nor could i t
be argued th a t  w e lls  were n o t com parable due to  d i f f e r e n t  volumes w ell
\
to  w e ll, s in c e  volumes were e q u iv a le n t;  however w e lls  d id  v a ry  in  
t o t a l  c e l l  number and d e n s ity , so e q u iv a le n t r a t i o s  of u n tre a te d  to  
responder c e l l s  had to  be s e t  up s im u ltan eo u sly  fo r  com parable 
pu rposes. F ig . 4 .27  c le a r ly  i l l u s t r a t e s  th a t  red u c in g  th e  number o f 
CON-A induced e f f e c to r  c e l l s  reduces th e  p e rc en t su p p ress io n  o f IgG 
sy n th e s is  observed. A s im ila r  curve was ob ta ined  fo r  IgM (d a ta  no t 
shown).
F ig . 4 .28  shows th a t  CON-A in c reased  th e  p e rcen tag e  o f T0 b e a rin go












F I G . 4 . 2 7  EFFECT OF DILUTION OF EFFECTOR CELLS TO A FIXED DENSITY
OF RESPONDER'CELLS ON RELATIVE % IgG  SYNTHESIS
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FIG.4 . 2 8  EFFECT OF INCREASING DOSES OF CON-A ON % T8 +VE PBMNC










CON-A (y g /m l)
Line re p re se n ts  mean o f  n = 2 o b se rv a tio n s .
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U t i l i s in g  a c o n ce n tra tio n  of Royal Free H o sp ita l anti-CDg and 
complement th a t  should  be ab le  to  ly se  a l l  CDg c e l l s  in  the  system  
(T able  4 .1 8 ) , i t  was shown th a t  removal of Tg c e l l s  s ig n i f ic a n t ly  
reduced and in  same c a se s  t o t a l l y  abo lished  CON-A induced sup p resso r 
a c t i v i t y  in  th e  IgG (T able  4 .1 9 ) and IgM assay  system s (F ig . 4 .2 9 ) . 
Where th e re  was n o t t o t a l  o b l i te r a t io n  of su p p resso r a c t i v i t y  one must 
assume th a t  o th e r  c e l l s  s tim u la te d  by th e  Conconavalin-A a c ted  in  a 
su p p ress iv e  manner, such as  th e  su p p re sso r/in d u c e r o r “n a iv e ” 
subpopo lation  o f CD  ^ c e l l s  an d /o r monocytic c e l l s ,  b u t c e r ta in ly  one 
could say  th a t  th e  m ajor c e l l  a c tin g  su p p re s iv e ly  was a  CDg 
lym phocyte.
4 . 9 .  COMPARISON OF CON-A INDUCED SUPPRESSOR CELL ACTIVITY 
IN VARIOUS PATIENT GROUPS AND NORMALS.
U t i l i s in g  t h i s  method, CON-A induced su p p ress io n  of IgG and IgM 
sy n th e s is  were in v e s t ig a te d  in  v a rio u s  p a t ie n t  groups ( ta b le s
4 .2 0 -4 .2 1  show a c tu a l  d a ta  on which F ig s . 4 .3 0  and 4 .31  a re
re s p e c tiv e ly  b a sed ). Showing th e  a c tu a l d a ta  in  t h i s  way, g iv e s  one an 
id ea  o f th e  le v e ls  o f Ig  used to  c a lc u la te  r e l a t iv e  % Ig  s y n th e s is ,  
however i t  has no in te r p r e ta b le  meaning s in ce  th e  concept o f i n t e r e s t  
i s  what su p p resso r a c t i v i t y  i s  l ik e  in  each in d iv id u a l, and t h i s  can 
on ly  be seen by c a lc u la t in g  r e l a t iv e  % sup p ress io n  o f IgG o r IgM 
sy n th e s is  p e r in d iv id u a l, and comparing medians o f th e se  v a lu es  
between d i f f e r e n t  p a t ie n t  groups as shown in F ig  4 .30  and 4 .3 1 . 
However, Table 4 .20  does se rv e  to  show th a t  RA NSAID +RF had
s ig n i f ic a n t ly  ra is e d  IgG s y n th e s is  in  t h e i r  CON-A c o c u ltu re s , b u t UNT
TABLE 4.18
TO SHOW THAT RFT8 + C ' CAUSE CELL LYStS OF 100’/. OF T9h CELLS 
IN THE CON-A INDUCED SUPPRESSOR CELL SAMPLE.
X T8 cells in CON-A induced suppressor cell population......
X TB cells in CON-A induced suppressor cell population
after C ' + RFT8 treatment........
TABLE 4.19
INDIVIDUAL EXAMPLES TO SHOW EFFECT OF RFTB AND +C ON CON-A
SUPPRESSOR ACTIVITY ON IgG SYNTHESIS IN 3 NORMAL SUBJECTS.
C o m p o s i t i o n  of c o c u l t u r e
P E R S O N  A
UN T - Co c u 1 tore 
C O N-A C o c u l t u r e
UNT + C* C o c u l t u r e  
CON-A *■ C1 C o c u l t u r e
UNT + RFTB  + C* C o c u l l u r e  
CU N-A ■* RFTB + C 1 C o c u l t u r e
IgG (n g / 10 re sponder 








PE R S O N  B
U N T - C o c u 1ture 
CO N-A C o c u l t u r e
UNT + C* C o c u l t u r e  
CO N-A + C* C o c u l t u r e
UNT + RFTB + C* C o c u l t u r e  
CON - A  + RF TB + C* C o c u l t u r e
PE R S O N  C
IJNT-Cocul ture 
C f) M - A C o c u l l u r e
UNT + C* C o c u l t u r e
CON-A C* Cocul ture
UNT + RF T8 + C * C o c u l t u r e  
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FIG. 4.29
EFFECT OF REMOVAL OF T8 CELLS ON CON-A INDUCED 
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Complement has no e f f e c t  on Con-A induced suppressor a c t i v i t y  (+C' -T8 Mab vs 
-C 1 -T8 Mab), but adding both complement and T8 Mab cause a s ig n i f i c a n t  
reduc tion  in induced suppressor a c t iv i ty  (+C' +T8 Mab vs. +C' —T8 Mab).
H o r iz o n ta l  bars  r e p r e s e n t  median r e l a t i v e  % IgM s y n t h e s i s .
TABLE 4 .2 0
REPRESENTATIVE EXAMPLES OF ACTUAL CON-A INDUCED SUPPRESSOR DATA FOR 
SUPPRESSION OF IgG SYNTHESIS ( n g / l O ^ f o d o Q i G e U S )  AFTER BKG SUBTRACTION.
NORMALS RA + N S A I D RA -  N S A I D R A+ / - N S A I D
C O C U L T . UNT . C O N - A UN T . CON- A UNT . C O N - A UNT . C O N - A -
n = 4 2 4 2 1 9 1 9 4 4 2 3 2 3
MEDIAN 11 21 1 2 6 1 0 2 2 3 0 9 6 0 9 2 3 5 1 0 2 2 3 3 6
RANGE
2 0 0 < 1 6 2 7 6 7 1 2 8 0 6 2 2 7 6 6 1
S 0 9 3 1 0 0 6 3 7 0 0 7 8 2 1 4 2 0 1 3 9 6 3 7 0 0 1 3 9 6
p v s .
NORMALS ' ~
NS < 0 . 0 5 * * NS < 0 . 0 5
RA+ D - P E N R A - DPEN R A + / -  D - P E N R A + / -  D - P E N / A U
C O C U L T . UNT . C O N - A UNT . C ON - A UNT . C O N - A UNT . C O N - A
n = 5 ' 5 3 3 8 8 10 10
MEDIAN 1 6 8 8 3 5 3 1 4 2 5 2 7 2 1 5 4 7 3 4 7 1 5 4 7 4 1 2
RANGE
9 0 1 2 2 1 1 2 4 4 7 1 9 0 1 7 1 9 0 1 7 1
2 0  10 6 4 8 2 0 0 2 9 1 0 2 0 0 2 9  1 0 3 3 6 5 9  1 0
p v s . * * * * NS < 0 . 0 5 NS < 0 . 0 1
NORMALS
P v s  .
R A + / -  N S A I D
NS NS NS NS
AS P A T I E N T S A S / P S A P A T I E N T S S LE P A T I E N T S
C O C U L T . UNT . C O N - A U N T . CON- A UNT C O N . A
n = 12 12 1 4 1 4 4 4
MEDIAN 1 5 1 7 4 5 1 5 1 7 4 5 1 0 3 S 4 4 7
RANGE
5 8 5 < 1 6 2 3 8 < 16 5 1 6 1 8 2
5 2 8 0 7 5 0 5 2 8 0 7 5 0 1 4 6 8 5 7 3
p v s  . NS NS NS NS * *
NORMALS
* = NOT ENOUGH DATA FOR STATISTICAL ANALYSIS.
■+ s  pftesehce op  Rp 
-  i  op RP
-f/- = A u P/KrieHTs iRdespecTn/F op kp status
TABLE 4 . 2 1
ACTUAL CON-A INDUCED SUPPRESSOR DATA FOR SUPPRESSION OF IgM SYNTHESIS ( n g / 1 0 a ^ £ S f o n O d Z
C 6 1 L S  . > AFTER BKG SUBTRACTION.
NORMALS RA+ N S A I D R A - N S A I D R A + / -  N S A I D
C O C U L T . UNT . C O N - A U N T . C O N - A UNT . C O N - A UNT . C O N - A
n = 20 20 1 1 1 1 A A 1 5 1 5
MEDIAN 1 0 2 B 5 5 3 2 2 1 7 0 1 1 9 86 2 5 8 1 1 0
RANGE
2 5 0 < 3 1 68 A A 9 6 7 6 68 A A
7 6 2 2 3 5 1 1 9 8 0 1 9 3 2 5 A 0 5 5 2 1 9 8 0 1 9 3 2




NS < 0  . 0 5 * * < 0 . 0 5 < 0 . 0 0 5
RA + D - P E N / A U R A - D P E N / A U R A+ /  - D - P E N / A U A S / P S A P A T I E N T S
C O C U L T . UNT . C O N - A U N T . C O N - A UNT . C O N - A UNT . C O N - A
n = 5 5 3 3 8 8 9 9
MEDIAN A 2 6 5 2 5 8 8 7 9 5 0 7 7 6 1 1 9 2 7  A
RANGE
1 0 A < 3 1 2  A2 7 6 1 0 A < 3 1 5 2 < 3 1
1 1 0 0 1 0 6 1 5 8 8 1 1 8 1 5 8 8 1 1 8 1 9 0 2 3 7 3
p v s .
NORMALS
# * * * NS < 0 . 0 1 NS NS
p v s .
R A + / -  N S A I D NS NS NS NS
S L E P A T I E N T S
C O C U L T . UNT . C O N - A
n = A A
MEDIAN 1 9 6 1 9 5 2
RANGE 7 0
3 8 5 2
1 1 0  
1 7 9 A
p v s . * *
NORMALS
* = NOT ENOUGH DATA FOR S T A T I S T I C A L  A N A L Y S I S .
4 a p r e s e n c e  ©p 
-  5. h & z c f i c e  of KP
2 A l t  $ r *4 1 v s
FIG. 4.30
CON-A INDUCED SUPPRESSO R A C T IV IT Y  ON Ig G  SY N T H E SIS  
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p = O.OOOOl p = 0.005 NS p <  0.002
NS
vs. RA NSAID
Horizontal bars re p re sen t  median r e l a t i v e  % IgG sy n th es is
FIG. 4 .3 1
CON-A INDUCED SUPPRESSO R A C T IV IT Y  ON IgM  S Y N T H E S IS  
IN  VARIOUS PA T IE N T  GROUPS










S ign ificance  
vs. Normals 
(Mann-Whi tney 
U - te s t )
p = O.OOOOl NS NS p < 0 .0 5
p = 0.00001
vs. RA NSAID
H orizontal bars re p re sen t  median r e l a t i v e  %  IgM sy n th e s is .
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c o c u ltu re s  were norm al; RA NSAID -RF showed a tendency to  reduced IgG 
s y n th e s is  in  t h e i r  UNT c o c u ltu re s , and high s y n th e s is  in  t h e i r  CON-A 
c o c u ltu re s , th u s  t o t a l  RA NSAID +/~ RF had normal IgG sy n th e s is  in  
t h e i r  UNT c o c u ltu re s  b u t ra is e d  le v e ls  in t h e i r  CON-A c o c u ltu re s , 
r e s u l t in g  in  an o v e ra l l  d e fe c t iv e  r e l a t i v e  % su p p re ss io n  o f IgG 
s y n th e s is . RA D-PEN + /-  RF, and RA D-PEN/AU + /-  RF had s ig n i f ic a n t ly  
ra is e d  IgG s y n th e s is  in  t h e i r  CON-A c o c u ltu re s , b u t t h e i r  UNT 
c o c u ltu re s  were norm al, accoun ting  fo r  the  d e fe c tiv e  su p p re sso r 
a c t i v i t y  shown in  F ig . 4 .3 0 . AS and AS/PSA p a t ie n ts  showed no d e fe c t  
in  e i th e r  c o c u ltu re , and th e  4 SLE p a t ie n ts  showed ra is e d  IgG 
s y n th e s is  in  t h e i r  CON-A c o c u ltu re s , accoun ting  fo r  t h e i r  d e fe c tiv e  
su p p ress io n  o f IgG s y n th e s is .  Table 4 .21  shows RA NSAID + /-  RF
f
p re sen te d  w ith  s ig n i f ic a n t ly  d e fe c t iv e  IgM s y n th e s is  in  bo th  UNT and 
CON-A c o c u ltu re s , and s in c e  r e l a t iv e  % IgM s y n th e s is  i s  c a lc u la te d  
from a  r a t i o  o f th e  l a t t e r  to  th e  form er, a low IgM s y n th e s is  in  th e  
UNT c o c u ltu re s  p robab ly  accoun ts fo r  th e  d e fe c t  -shown. The SLE 
p a t ie n t s  only  showed d e fe c t iv e  su p p re sso r a c t i v i t y  because o f ra is e d  
IgM sy n th e s is  in  CON-A c o c u ltu re s . The AS/PSA p a t ie n t s  behaved 
s im i la r ly  to  norm als in bo th  th e  UNT and CON-A c o cu ltu res ', b u t th e  RA 
D-PEN/AU p a t ie n t s  showed s ig n i f i c a n t ly  g re a te r  re d u c tio n  in  IgM 
s y n th e s is  in  t h e i r  CON-A c o c u ltu re s  than  norm als.
I t  can be seen from F ig . 4 .30  th a t  th e re  was a s ig n i f ic a n t  
re d u c tio n  (p = 0.00001) in CON-A induced su p p ress io n  of IgG sy n th e s is  
in  RA NSAID compared to  norm als, and s u rp r is in g ly  RA-DPEN/AU a lso  
showed d e fe c tiv e  CON-A induced su p p resso r a c t i v i t y  (p  = 0 .005)
compared to  norm als and th e re  was no s ig n i f ic a n t  d if f e r e n c e  between RA
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NSAID compared to  RA-DPEN/AU. SLE p a t ie n ts  were used a s  assay  
c o n tro ls ,  known to  show d e fe c tiv e  CON-A induced su p p resso r a c t i v i t y  
[9], and in  agreem ent w ith  the  unanimous l i t e r a t u r e ,  s ig n i f i c a n t  
d e fe c tiv e  CON-A induced su p p ress io n  o f IgG sy n th e s is  was observed (p  < 
0 .0 2 ) compared to  norm als. AS/PSA p a t i e n t s ,  p a r t i c u la r ly  those  showing 
p e r ip h e ra l  s y n o v i t is ,  were used as  p a t ie n t  c o n tro ls  know n_to  show 
ch ro n ic  inflam m ation in  sy n o v ia l j o i n t s  of s im ila r  h is to lo g y  to  th a t  
in  RA, they  showed no CON-A induced su p p resso r c e l l  a c t i v i t y  d e fe c t  
fo r  IgG s y n th e s is ,  showing th a t  CON-A induced su p p re sso r a c t i v i t y  
d e fe c ts  a re  n o t common to  a l l  ch ro n ic  inflam m atory c o n d itio n s  b u t a re  
more s p e c i f ic  to  c e r ta in  rheum atic d is e a s e s ,  in p a r t i c u la r  SLE and RA.
F ig . 4 .31  shows th a t  a s im ila r  tre n d  was found fo r  CON-A induced 
su p p re sso r a c t i v i t y  on IgM s y n th e s is .  RA NSAID showed a s ig n i f i c a n t  
d e fe c t  (p = 0.00001) compared, to  norm als. However, th e re  was no d e fe c t  
in  th e  RA-DPEN/AU group, nor in  th e  AS/PSA group o f p a t ie n t s .  Again 
th e  SLE p a t ie n ts  were s ig n i f i c a n t ly  d e fe c tiv e  compared to  norm als (p < 
0 .0 5 ) . There was a s ig n i f ic a n t  d if f e r e n c e  between the  RA NSAID and th e  
DPEN group (p = 0 .00001). In  bo th  the  above f ig u re s  + /-  RF p a t ie n t s  
were grouped to g e th e r  s in c e  i t  was shown th a t  su p p resso r a c t i v i t y  d id  
n o t c o r r e la te  w ith  th e  p resence  o r absence o f RF (se e  below ).
No s ig n i f ic a n t  d if f e r e n c e s  were observed between th e  sexes in  any 
o f th e  p a t ie n t  groups s tu d ie d  fo r  CON-A induced su p p ress io n  o f IgG 
(F ig . 4 .3 2 ) o r IgM (F ig . 4 .3 3 ) s y n th e s is .
- In  an a ttem p t to  c o r r e la te  th e  d e fe c tiv e  su p p re sso r a c t i v i t y  
observed in  RA NSAID w ith  re le v a n t  in d ic e s  of d is e a s e  a c t i v i t y  ( e .g .
FIG. 4.32
E FFE C T  OF SEX ON CON-A INDUCED SU PPR ESSO R  A C T IV IT Y  








MflLES FEHPLES P1PLES FEJ1PLES flPLES FEJ1PLES flPLES FENPLES
NORflPLS NORflPLS RP NSPID RP NSPID RP DfYPU DP/PU PS/PSP PS/PSP
No s ig n i f ic a n t  d if fe ren ces  w ith in  any group between sexes were observed 
using the Mann-Whitney U - te s t .





















FIG. 4 .3 3
E F F E C T  OF SEX ON CON-A INDUCED SU PPR ESSO R  A C T IV IT Y  




MALES FEMALES MALES FEMALES MALES FEMALES MALES FEMALES
NORMALS NORMALS RA NSAID RA NSAID RA CP/AU RA DP/AU AS/PSA A&PSA
No s ig n i f i c a n t  d if fe ren c es  w ith in  any group between sexes were observed 
using the Mann-Whitney U - te s t .
H o r iz o n ta l  b a rs  r e p r e s e n t  median r e l a t i v e  % IgM s y n t h e s i s .
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RF, EAD, EMS) o r c l i n i c a l  in d ic e s  o f acu te  phase response  ( f o r  example 
ESR, CRP, v is c o s i ty ,  WBC and PLTS), th e  fo llow ing  c o r r e la t io n s  were 
c a r r ie d  o u t.
There was no s ig n i f i c a n t  c o r r e la t io n  and no evidence o f a tre n d
tow ards a  c o r r e la t io n  between CON-A induced su p p resso r a c t i v i t y  fo r
IgG (n = 23, r  = 0 .1 4 ) o r IgM (n = 15, r  = 0 .0 1 ) s y n th e s is  and th e
presence  of RF in  RA NSAID, whose p resence  i s  u s u a lly  regarded  as
in d ic a t iv e  o f more sev e re  d isea se . So, in a l l  fu tu re  f ig u re s ,  RA NSAID
<
p a t ie n ts  w ith /w ith o u t RF a re  grouped to g e th e r; t h i s  has a lso  been done 
fo r  a l l  o th e r  p a t ie n t  g roups.
F ig s . 4 .34  and 4 .3 5  show th a t  RA NSAID p a t ie n ts  p re s e n tin g  w ith  a 
more sev ere  a c t iv e  form of th e  d is e a s e , th a t  i s  p lu s  EAD, were e q u a lly  
d e fe c t iv e  in  CON-A induced su p p resso r a c t i v i t y  to  th o se  p a t ie n t s  
w ithou t EAD.
I t  was shown th a t  a tren d  tow ards c o r r e la t io n  e x is te d , a lth o u g h  
n o t s ig n i f ic a n t  (n = 7, r  = 0 .4 6 ) , between more d e fe c t iv e  su p p resso r 
a c t i v i t y  fo r  IgG s y n th e s is  and in c reased  EMS, in d ic a t iv e  o f a more 
sev e re  form o f RA. There was in s u f f ic ie n t  IgM v s . EMS d a ta  to  
o b ta in  a m eaningful r e s u l t .
F ig . 4 .36  shows th a t  th e re  was a tren d  tow ards c o r r e la t io n ,  
a lthough  no t s ig n i f i c a n t ,  in  RA NSAID p a t ie n ts  between CON-A induced 
su p p ress io n  o f IgG s y n th e s is  and ESR (n = 6, r  = 0 .6 7 ), and F ig . 4 .37  
shows a s ig n i f ic a n t  c o r r e la t io n  (n = 4 , r  = 0 .87 , p < 0 .0 5 ) between
CON-A induced su p p ress io n  of IgM sy n th e s is  and ESR, an in c reased  ESR 
being  a sso c ia te d  w ith  more a c t iv e  phases o f the d is e a s e .
FIG. 4 .3 4
E F F E C T  OF EXTRA-ARTICULAR D IS E A S E  ON COM-A INDUCED 
SUPPRESSO R A C T IV IT Y  OM IgG  S Y N T H E SIS  IN RA MSAID P A T IE N T S  
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FIG. 4 . 3 5
E FF E C T  OF EXTRA-ARTICULAR D IS E A S E  ON CON-A INDUCED 
SU PPRESSO R A C T IV IT Y  ON IgM S Y N T H E S IS  IN RA N SA ID  P A T IE N T S
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by Mann-Whitney U - te s t
H o r iz o n ta l  b ars  r e p r e s e n t  median r e l a t i v e  % IgM s y n t h e s i s .












FIG. 4 .37  RELATIVE %  IgM SYNTHESIS AND ESR IN RA NSAID (+ / -  RF)
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I t  was found th a t  th e re  was no t even a tre n d  tow ards a c o re la t io n
between CON-A induced suppresion  of IgG s y n th e s is  and CRP (n = 18, r  =
0 .1 2 ) nor between su p p ress io n  o f IgM s y n th e s is  and CRP (n = 12, r  = -
0 .04), which was thought to  be unusual s in c e  a r a is e d  CRP i s  u s u a lly
regarded  as  one o f th e  b e s t  in d ic a to r s  o f an a cu te  phase response
d u rin g  a p e rio d  o f ve ry  a c t iv e  d is e a s e , s in c e  i t  r a p id ly  r i s e s  and
(
f a l l s  p a r a l le l in g  c lo s e ly  th e  inflam m atory s i tu a t io n .
I t  was found th a t  th e re  was no s ig n i f ic a n t  c o r r r e la t io n  between 
CON-A induced supp resion  of IgG or IgM s y n th e s is  and v is c o s i ty  (n =
21, r  = 0 .1 1 ; n = 14, r  = 0 .29  r e s p e c t iv e ly ) ,  ra is e d  v i s c o s i ty  being
a sso c ia te d  w ith  p e rio d s  of more acu te  d is e a s e .
No s ig n i f ic a n t  c o r r e la t io n  was found between CON-A induced 
su p p ress io n  o f IgG or IgM s y th e s is  and WBC in  RA NSAID (n = 22, r  =
0 .18 ; n = 14, r  = 0 .28  r e s p e c t iv e ly ) ,  nor w ith  PLTS (n = 20, r  = 0 .08 ; 
n = 13, r  = -0 .2 7  r e s p e c t iv e ly ) ,  which i s  s u rp r is in g  s in c e  ra is e d  WBC 
o r PLTS a re  u s u a lly  a sso c ia te d  w ith  p e r io d s  of a c t iv e  inflam m ation.
I t  was shown th a t  th e re  was no s ig n i f ic a n t  c o r r e la t io n  between 
CON-A induced supp resion  of IgG or IgM s y n th e s is  and Hb le v e ls  (n =
23, r  = -0 .2 2 ; n = 15, r  = 0 .02  r e s p e c t iv e ly ) ,  lowered Hb o fte n  being
a sso c ia te d  w ith  very  sev e re  d is e a s e . I t  must however be remembered 
th a t  p a t ie n ts  w ith  very  low Hb le v e ls  ( < 1 0  g /d l )  were om itted  from 
th i s  p ro je c t  fo r  e th ic a l  re a so n s , as s ta te d  in  th e  method s e c t io n , 
th u s  c re a t in g  a b ia s  fo r  th i s  c o r r e la t io n .
There was no s ig n i f ic a n t  c o r r e la t io n  between CON-A induced
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su p p ress io n  o f IgG o r IgM sy n th e s is  and d is e a se  d u ra tio n  in RA NSAID 
(n = 23, r  = -0 .3 8 ; n = 15, r  = -0 .3 8  re s p e c t iv e ly ) ,  nor between CON-A 
induced su p p ress io n  o f IgG or IgM sy n th e s is  and age in  RA NSAID (n = 
23, r  = 0 .11 ; n = 15, r  = 0 .00  re s p e c t iv e ly ) .
t
I t  i s  n o t s u rp r is in g  th a t  c o r r e la t io n s  were n o t found in  a l l
com parisons, s in c e  i t  should remembered th a t  rheum atoid a r t h r i t i s  ( in  
common w ith  o th e r  rheum atic  d is e a s e s )  v a r ie s  trem endously in  
c h a r a c te r i s t i c s  from p a t ie n t  to  p a t ie n t  and alm ost r e p re s e n ts  a 
d is e a s e  w ith  unique c h a r a c te r i s t i c s  p e r p a t ie n t ,  so behaves as  one o f 
th e  l e a s t  u n if ie d  o f d is e a s e s  observed , e .g . one p a t ie n t  could p re s e n t 
w ith  reduced ESR and CRP and an o th er p a t ie n t  p re se n t w ith  a ra is e d  CRP 
and ESR and th e  form er be c la s s i f i e d  on c l i n i c a l  grounds a s  having
“ a c tiv e  d is e a s e ” and th e  l a t t e r  n o t, d e s p ite  th e  s e r o lo g ic a l  
param eters in d ic a t in g  p o s s ib ly  th e  o p p o s ite  p ic tu r e .  T h e re fo re , i t  
would p o s s ib ly  have been b e t t e r  n o t to  c o r r e la te  j u s t  two p aram eters  
b u t to  use m u lt iv a r ia n t  a n a ly s is  to  see  w hether th e re  were 
a s s o c ia t io n s  between m u ltip le  param eters  u s in g  a mainframe com puter, 
however th i s  f a c i l i t y  was n o t a v a ila b le .
I t  was wondered w hether th o se  RA p a t ie n ts  on D-PEN/AU tre a tm e n t
showing d e fe c t iv e  su p p resso r a c t i v i t y  fo r  IgG sy n th e s is
had n o t been on tre a tm e n t long enough fo r  pharm acolog icaly  
e f f e c t iv e  serum c o n c e n tra tio n s  o f th e 'd ru g s  to  have been ach ieved . 
However, no s ig n i f ic a n t  c o r r e la t io n  was found between CON-A induced 
su p p ress io n  o f IgG or IgM s y n th e s is  and len g th  of tim e on a th io l  
co n ta in in g  drug (n = 10, r  = 0 .13  and n = 8, r  = 0 .08  r e s p e c t iv e ly ) .
In  f ig .  4 .30  on ly  2 ou t of th e  10 PEN/GOLD p a t ie n ts  were on DPEN fo r
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le s s  than 6 months: one fo r  4 and one fo r  5 months, th e  form er showing
poor su p p resso r a c t i v i t y  of -55% and th e  l a t t e r  m ediocre su p p resso r
<
a c t i v i t y  o f -72%.
I f  good su p p resso r a c t i v i t y  i s  taken as  g r e a te r  than -75%, then 
th e  3 p a t ie n t s  showing good supp resion  o f -89%, -78% and -95% were on 
DPEN fo r  8, 96 and 10 months r e s p e c tiv e ly  and one p a t ie n t  on GOLD 
showing good su p p resso r a c t i v i t y  o f -79% had been on tre a tm e n t fo r  48 
m onths.
3 p a t ie n ts  showing m ediocre su p p resso r a c t i v i t y  of -60%, -62% and 
-71% had been on DPEN fo r  7 ,9  and 8 months re s p e c t iv e ly  and a fo u r th  
p a t ie n t  showing poor su p p resso r a c t i v i t y  of -53% had been on gold  fo r
37 months. S ince a  s e r i a l  s tu d y  had n o t been c a r r ie d  o u t on th ese
in d iv id u a ls ,  we s h a l l  never know i f  t h i s  i s  an improvement compared to  
before , tre a tm e n t, which would seem a reaso n ab le  su g g es tio n  s in ce  
p a t ie n t s  a re  u su a lly  p u t on th e se  second l in e  d rugs when NSAID th erap y  
f a i l s  to  help  and th e re  i s  very  sev e re  e ro s iv e  a c t iv e  d is e a se ; 
fu rtherm ore , th e se  p a t ie n t s  showed a t  th e  time o f t h i s  s tu d y  on ly  
m oderately  a c t iv e  d is e a s e . I t  could be suggested  th a t  tre a tm e n t needs 
to  be a l te r e d  in  th e se  fo u r p a t ie n ts ,  s in c e  6 months i s  u su a lly  
regarded  as adequate tim e fo r  p h a rm a lo co lo g ica lly  e f f e c t iv e  doses to  
be reached , o r th a t  a ra is e d  dose of d rug  i s  req u ire d  w ith  c a re fu l  
m on ito ring  fo r  any harm ful s id e  e f f e c t s  which m ight ensue. In  th e se
s u b je c ts  doses o f DPEN of 375 mg/day, 375 mg/day and 625 mg/day
re s p e c tiv e ly  had been tak en , and th e  fo u r th  p a t ie n t  had been on 
in tram u scu la r in je c t io n s  of au ro th io m ala te  of 20 mg every  6 weeks. An 
inadequate  dose o f drug could  th e re fo re  no t account fo r  th e  d e fe c tiv e
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su p p resso r a c t i v i t y  observed. I n te re s t in g ly ,  a l l  3 RA-DPEN p a t ie n ts  
were p o s i t iv e  fo r  RF, which i s  u su a lly  in d ic a t iv e  o f more sev e re  RA. 
One o f  th e se  p a t ie n t s  showing m ediocre su p p ress io n  o f IgG s y n th e s is  o f 
62%, b u t good su p p ress io n  of IgM sy n th e s is  o f 90%, was a 4 8 - y e a r - o l d  
fem ale w ith  d is e a s e  d u ra tio n  o f 27 y e a rs , w ith  a m arkedly ra is e d  RF 
(2084 IU /m l), ra is e d  p l a t e l e t  count (5 3 4 ,000/mm^) , r a is e d  CRP (0 .027 
g /1 ) ,  m oderately  a c t iv e  s y n o v it is  and nodu les; however, norm al serum 
SH, WBC and lymphocyte count were p re s e n t. The 2 p a t ie n t s  in  th e  
D-PEN/AU group showing w orst su p p resso r a c t i v i t y  in  th e  IgG assay s
were bo th  RF n e g a tiv e , and one had m ild and th e  o th e r  no a c t iv e
p e r ip h e ra l  s y n o v it is .
4 . 1 0 .  EFFECT OF D-PEN TREATMENT “ IN VITRO” ON CON-A INDUCED 
SUPPRESSOR CELL ACTIVITY IN RA NSAID PATIENTS. •
I t  was however observed th a t  p o s t- tre a tm e n t o f CON-A induced 
su p p resso r c e l l s  in  RA NSAID p a t ie n ts  w ith  DPEN a t  50 i-iH a t  37 °C fo r  
1 hour (e q u iv a le n t to  a  serum co n ce n tra tio n  th a t  would be reaso n ab le  
to  expec t a f t e r  a 6 month course  of DPEN) d id  n o rm alise  subsequent 
a c t i v i t y  o f su p p resso r c e l l s  in  th e  IgG assay  (F ig . 4 .3 8 ) ; th e  same
was t ru e  i f  50 ^M DPEN was l e f t  fo r  48 hours in  th e  CON-A su p p resso r
c e l l  g e n e ra tin g  system  (d a ta  n o t shown).
S im ila r improvement of CON-A induced su p p resso r a c t i v i t y  fo r  
su p p ress io n  o f IgM s y n th e s is  was observed when DPEN was l e f t  in  a 
CON-A su p p resso r c e l l  g e n e ra tin g  system , however i t  d id  n o t no rm alise  
th e  d a ta  ( f ig u re  4 .3 9 ) , whereas f ig .  4 .31  showed DPEN/AU tre a te d  



















EFFECT OF POST-RX UITH D-PEN ON CON-A IfOUCED SUPPRESSOR 















By Mann-Whitney U - te s t
Horizontal bars represent median relative % IgG synthesis.
FIG. 4 . 3 9
EFFECT OF LEAVING D-PEN IN CON-A STIMULATED SUPPRESSOR CELL

























by Mann-Whitney U - te s t
Horizontal bars represent median relative % IgM synthesis.
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s y n th e s is .
Comparison o f CON-A induced su p p ress io n  of IgG s y n th e s is  compared 
to  IgM s y n th e s is  (F ig . 4 .4 0 ) showed th a t  th e re  was a tre n d  fo r
in c reased  su p p ress io n  o f IgM s y n th e s is  in  normal s u b je c ts  and a 
s ig n i f i c a n t ly  more d e fe c t iv e  sup p ress io n  o f IgM s y n th e s is  compared to  
IgG s y n th e s is  in  RA NSAID r~however no c o r r e la t io n  was found between 
r e la t iv e  % su p p ressio n  of IgG vs. IgM sy n th e s is  (n = 15, r  = 0 .15 )
im plying th a t  d i f f e r e n t  mechanisms a re  involved in  IgG and IgM 
su p p re ss io n , and s ig n i f i c a n t ly  more d e fe c t iv e  su p p ress io n  o f IgG
sy n th e s is  than  IgM s y n th e s is  in  RA-DPEN/AU p a t ie n t s .  There was a tre n d  
fo r  more su p p ress io n  of IgG than IgM s y n th e s is  in  AS/PSA and
s ig n i f i c a n t ly  more d e fe c t iv e  su ppression  o f IgM s y n th e s is  than IgG
sy n th e s is  in  SLE.
T h is d e fe c t iv e  CON-A induced su p p resso r a c t i v i t y  in  RA NSAID and 
SLE p a t ie n ts  fo r  bo th  IgG and IgM s y n th e s is  and th e  RA-DPEN/AU group 
fo r  IgG sy n th e s is  was n o t due to  d if f e r e n c e s  in k in e t ic s  of ex p ress io n  
o f su p p resso r a c t i v i t y ,  as shown in Table 4 .2 2 , where i t  can be seen 
su p p ress io n  s te a d i ly  in c reased  up to  day 8 and was n o t in c reased  by 
day 12 in  a l l  g roups.
To see  whether th e  d e fe c t iv e  su p p resso r a c t i v i t y  in  RA NSAID 
p a t ie n ts  was e x c lu s iv e  to  th e  CON-A induced su p p resso r system  or 
common to  o th e r su p p resso r a ssa y s , the  s h o r t- l iv e d  su p p resso r assay  
was a lso  examined.
F IG . 4 .4 0
COM-A IMDUCED SUPPRESSOR A CTIV ITY* COMPARISON FOR Ig G  
AMD IgM SY N TH ESIS  SU P P R E S S IO N  IN VARIOUS P A T IE N T  GROUPS
5 0 . .
0 .0 -
M -50
IgG IgM IgG IgM IgG IgM ‘ IgG IgM IgG IgM
NORM. NORM. NSflID NSflID CP/flU DP/flU flS/PSA RS/PSA SLE SLE
\ /  \ /  \ /  \ /  \ /  
p = 0.005 p = 0.007 NS NS NS
by Wilcoxon signed rank t e s t
H o r iz o n ta l  b ars  r e p r e s e n t  median r e l a t i v e  % Ig  s y n t h e s i s .
TABLE 4 . 2 2
TABLE TO SHOW THE KINETICS OF THE CON-A INDUCED SUPPRESSOR CELL 
ACTIVITY AS SHOWN BY ITS ABIILTY TO SUPPRESS IgG SYTHESIS FROM FRESH 
RESPONDER CELLS
P a t i e n t  g r o u p D a y  1 D a y  2 D a y  3 D a y  A D a y  5 D a y  6 D a y  7 D a y  8 D a y 1 2
NORMALS  
n = A .
0  7, - 7 7 . - 3 6  7. - 5 9  7. - 6 7 7 . - 8 0 7 . - 8 5 7 . - 8 6  7. - 8 5  7.
R A - N S A I D  
n = 3
0 7. -  1 3 7. - 2 8  7. - 2 9  7. - 3 6  7. - 5 5 7 . - 7 V Z - 7 5  7.




- A  7. - 3 0  7. - 7 0  7. - 7 9  7. - 7 8  7.
A S / P S A  
n = 2 /  1
0  7. - 3 9  7. - 6 0  7. - 9 0  7. - 9 2  7. - 8 9 7 .
Day 1 = d a y  p u t  up c u l t u r e .
Day 8 = d a y  s u p e r n a t a n t  h a r v e s t e d  n o r m a l l y .
P e r c e n t a g e s  r e p r e s e n t  mean r e l a t i v e  ’/. s u p p r e s s i o n  o f  IgG s y n t h e s i s .
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4 . 1 1 .  SETTING UP THE SHORT LIVED SUPPRESSOR CELL ASSAY
t
T his  method i s  a  m o d ifica tio n  o f th a t  d e sc rib e d  by Dr Rui
V ic to rin o  [7 ] . F i r s t  an optimum co n ce n tra tio n  o f CON-A fo r  t h i s  system  
had to  been found u sin g  normal in d iv id u a ls  and was found to  be 5 
Mg/ml, as shown in  F ig . 4 .41  ( t h i s  i s  in  f a c t  a suboptiinal dose fo r  
p r o l i f e r a t i o n  purposes as seen in  F ig . 4 .6 6 ) .
R ep resen ta tiv e  examples o f CPM and how the  su p p resso r index (S I ) ,  
a  form ula used to  d e sc r ib e  su p p resso r a c t i v i t y  in  t h i s  system , were 
c a lc u la te d , are shown in  ta b le  4 .2 3 .
4 . 1 2 .  COMPARISON OF S . I  .
IN VARIOUS PATIENT GROUPS AND NORMALS.
I t  can be seen from f ig .  4 .42  th a t  RA NSAID showed a
s ig n i f i c a n t ly  reduced S I , in d ic a tiv e  of d e fe c t iv e  s h o r t - l iv e d
su p p re sso r a c t i v i t y  compared to  norm als (p < 0 .0 1 ) and compared to
RA-DPEN (p < 0 .0 5 ) and th a t  RA-DPEN p a t ie n ts  showed SI n o t
s ig n i f i c a n t ly  d i f f e r e n t  to  norm als, a s ig n  o f norm al s h o r t - l iv e d  
su p p resso r a c t i v i t y .  SLE p a t ie n t s  a lso  showed a s ig n i f ic a n t  re d u c tio n  
in  SI compared to  norm als (p  < 0 .0 1 ) .
T h is assay  depends on th e  a b i l i t y  o f c e l l s  to  be s tim u la te d  by 
th e  mitogen CON-A, th e  SI being  determ ined by a r a t i o  whose 
denom inator i s  CPM in  response  to  CON-A. Many w orkers su g g es t RA NSAID 
p a t ie n t s  show d e fe c t iv e  p r o l i f e r a t i o n  in response to  m itogens, termed 
hyporesponsiveness [10-11] -  s a id  to  be due to  h igh  spontaneous
FIG. 4 .4 1
EFFECT OF VARYIMG STIMULATION DOSES OF CON-A 
ON THE SHORT LIVED SUPPRESSOR ASSAY
51 100.1
} ig /m 1  n g / m l  n g / m l  j i g / m l
5 ug/ml Con-A was found to  be an optimum co n ce n tra t io n  to  use 
in  the  s h o r t  l iv e d  suppresso r assay .
Horizontal bars represent median suppressor index (SI).
TABLE 4.23
REPRESENTATIVE EXAMPLES OF SHORT LIVED SUPPRESSOR DATA
C O N - A  ( ^ g / m l ) 2 A + 7 2  h r .  C u l t u r e 9 6  h r .  C u l t u r e
r  2 4  + 7 2  _
I ---------------  J = 51L 9 6  J
NORMAL I N D I V I I )L)AL A
0 . 1 2 5 2 2 5 1 0 0 9 0 2 . 5
1 1 2 5 6 6 1 5 1 2 9 0 2 . A 5
5  ( o p  t . c o n c  . ) 2 7 2 7 0 0 1 0 1 0 0 0 2 . 7
10 2 0 A 9 1 8 1 2 0 5 4 0 1 . 7
R A - N S A I D  PAT IE:n t  b
5 1 2 3 0 A 0 1 0 2 5 3 0 1 . 2
R A - D P E N  PAT IEI\IT C
5 2 6 1 7 9 4 1 0 0 6 9 0 2 . 6
[ V a l u e s  r e p r e s e n t  CPM -  BKG c o u n t s ,  i . e .  i n  a b s e n c e  o f  CON-A]
FIG. 4.42
COMPARISON OF SHORT LIV E D  SU PPRESSO R ASSAY S I  IN 
NORMALS, R A -N S A ID , R A - D P E N , S L E








NS p < 0 .0 1
— p <  0.05 
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Horizontal bars represent median suppressor index (SI).
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p r o l i f e r a t i o n  o f PBMNC due to  what has been suggested  as  p r io r  
a c t iv a t io n  o f c e l l s  in  v ivo  -  i t  was th e re fo re  wondered w hether 
d e fe c t iv e  s h o r t - l iv e d  su p p resso r a c t i v i t y  d a ta  from RA NSAID was due 
to  d e fe c t iv e  p r o l i f e r a t i o n  p er s e . Thus, a c o r r e la t io n  between 
p r o l i f e r a t i o n  in  response  to  CON-A a t  an optimum CON-A c o n ce n tra tio n  
(10 Mg/m 1) and SI were sought.
F ig . 4 .4 3 , p a r t  A, shows th a t  th e re  was a  tre n d  tow ards a
c o r r e la t io n  between p r o l i f e r a t i o n  and SI in  RA NSAID, b u t i t  was n o t 
s ig n i f ic a n t  ( r  = 0 .7 6 ) , in d ic a tin g  th a t  lower SI a re  achieved  when 
c e l l s  a re  le s s  ab le  to  p r o l i f e r a t e  in  response  to  m itogen; however 
even in  th e  RA NSAID p a t ie n ts  showing a normal p r o l i f e r a t i v e  response  
th e  SI was s t i l l  d ep ressed . T his cannot be th e  whole s to ry ,  s in c e  i t  
was found th a t  th e re  was a tren d  tow ards an in v e rse  c o r r e la t io n
between p r o l i f e r a t i o n  and SI (a lth o u g h  n o t s ig n i f ic a n t )  in  norm als ( r  
= -0 .6 3 , f i g s . 4 .4 3 , p a r t  B) and in  RA-DPEN (F ig . 4 .4 3 , p a r t  C, r  = 
- 0 .8 ) ,  in d ic a t in g  th a t  reduced p r o l i f e r a t i o n  responses in  response  to  
mitogen CON-A do n o t always lead to  d e fe c t iv e  S I, in  f a c t  q u i te  th e  
o p p o s i te .
Comparing th e  CON-A induced su p p resso r a c t i v i t y  fo r  IgG s y n th e s is  
and th e  s h o r t- l iv e d  su p p resso r a c t i v i t y  a c ro ss  a l l  normal and p a t ie n t  
s u b je c ts , wherever p a r a l l e l  assay s  were c a r r ie d  out, a tren d  tow ards a 
n e g a tiv e  c o r r e la t io n  between th e  two a ssa y s , a lthough  no t s ig n i f i c a n t ,  
was found (n = 6, r  = -0 .3 8 ) ,  in d ic a t iv e  th a t  d e fe c t iv e  a c t i v i t y  in
one assay  i s  a lso  seen in  the  o th e r .
The same tre n d , b u t more pronounced ( r  = -0 .8 7 , n = 3 ) , tow ards a
I
FIGURE 4A*>
CORRELATION OF PROLIFERATION IN RESPONSE; T$ 10 ug/ml Con-A VS. SUPPRESSOR 
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n e g a tiv e  c o r r e la t io n ,  a lthough  no t s ig n i f ic a n t ,  was observed on 
comparison o f th e  CON-A induced su p p resso r a c t i v i ty  fo r  IgM sy n th e s is  
v s . th e  s h o r t - l iv e d  su p p resso r a c t i v i t y  a c ro ss  a l l  norm als and 
p a tie n ts ,w h e re v e r  p a r a l l e l  a ssay s  had been c a r r ie d  o u t.
S ince i t  was wished to  t e s t  the  h y p o thesis  th a t  i f  d e fe c tiv e  
su p p resso r a c t i v i t y  was observed in RA NSAID, then i t  m ight be due to  
o x id a tio n  o f fu n c t io n a l ly  im portan t t h i o l  groups on th e  c e l l  su rfa c e  
o f c e l l s  re sp o n s ib le  fo r  th i s  a c t i v i t y ,  i t  seemed lo g ic a l  to  f i r s t  
approach th e  q u e s tio n  by looking  a t  th e  t h io l  dependence o f CON-A 
induced su p p re sso r in d u c tio n  and a c t i v i t y  in  norm als and i f  e i th e r  o r 
b o th  were found to  be t h io l  s e n s i t iv e ;  then ,depend ing  on th e  answer, 
e f f o r t s  would be made to  c o r re c t  th e  d e fe c tiv e  CON-A su p p re sso r 
a c t i v i t y  in  RA NSAID in  v i t r o  by adding th e  th io l  reducing  agen t 2-ME 
b e fo re  th e  CON-A su p p resso r c e l l  g e n e ra tin g  system , o r le av in g  i t  in  a 
CON-A su p p resso r c e l l  g e n e ra tin g  system , o r t r e a t in g  c e l l s  w ith  2-ME 
a f t e r  CON-A induced su p p re sso r g e n e ra tio n .
4 . 1 3 .  EFFECT OF PHMPSA ON “ INDUCTION” AND “ ACTIVITY"
OF CON-A INDUCED SUPPRESSOR CELL EXPRESSION IN NORMALS.
Table 4 .24  shows th a t  p re tre a tm e n t o f PBMNC w ith  ammonium 
c h lo r id e  b e fo re  CON-A induced su p p resso r c e l l  g e n e ra tio n , to  remove 
red  c e l l s  whose su rfa c e  t h io l  groups would o therw ise  r e a c t  w ith  added 
PHMPSA and reduce i t s  e f f e c t iv e  dose, d id  n o t reduce c e l l  v i a b i l i t y  
n o r subsequent su p p ress io n  o f IgG s y n th e s is .  F ig s . 4 .4 4 -4 .4 5  show th a t  
p re tre a tm e n t w ith  50 mM and 100 mM PHMPSA re s u lte d  in  no s ig n i f ic a n t  
d if f e r e n c e s  in  CON-A induced su p p re sso r a c t i v i t y  fo r  IgG o r IgM
TABLE 4 . 2 4
PRE-TREATMENT OF PBMNC WITH NH. Cl  BEFORE CON-A INDUCED SUPPRESSORH
CELL INDUCTION DOES NOT REDUCE CELL VIABILITY,  NOR REDUCE RELATIVE 7. OF IgG 
SYNTHESIS BY COMPARISON WITH CELLS NOT TREATED WITH N H , C l .H
NH.Cl  TREATED CELLS UNTREATED CELLS
n = 2 0  n = 2 2
RELATIVE 7. IgG SYNTHESIS
-88 ±  27. - S 3  ±  37.
(MEAN ±  SEM)

















FIG. 4 . 4 4
EFFECT OF PRE-TREATMENT UITH PHMPSA OM 'INDUCTION'
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FIG. 4 . 4 5
EFFECT OF PRE-TREATMENT UITH PHMPSA ON 'INDUCTION' OF
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s y n th e s is  r e s p e c t iv e ly ,  nor were s ig n i f ic a n t  d if f e r e n c e s  found u s in g  
suboptim al o r su perop tim al d i lu t io n s  o f PWM. T his was confirm ed in  
F ig . 4 .46  , which shows th a t  when su p p re sso r c e l l s  w ith /w ith o u t PHMPSA 
p re tre a tm e n t were d i lu te d  ou t w ith  a c o n s ta n t d e n s ity  o f responder 
c e l l s ,  p a ra l le l is m  between th e  two cu rv es  of r e l a t i v e  p e rc e n t IgG 
s y n th e s is  was seen . The same was found in  AS and RA-DPEN p a t ie n t s  
(d a ta  n o t shown). I t  should be noted o f th e  13 norm als s tu d ie d  u sin g  
50 jjM PHMPSA 8 showed no s ig n i f ic a n t  d if f e r e n c e s  in  su p p ress io n  o f th e  
IgG s y n th e s is ,  b u t 4 showed some lo s s  of su p p resso r a c t i v i t y ,  and one 
showed a s ig n i f ic a n t  g a in  in  su p p resso r a c t i v i t y .  Of th e  10 norm als 
s tu d ie d  u s in g  50 mM PHMPSA, 9 showed no s ig n i f ic a n t  d if f e r e n c e s  in  
su p p ress io n  o f th e  IgM s y n th e s is ,  b u t one showed a. s ig n i f ic a n t  lo s s  o f 
su p p re sso r a c t i v i t y .
However, f ig s .  4 .4 7 -4 .4 8  show th a t-o n c e  form ed-the a c t i v i t y  o f th e  
CON-A induced su p p resso r c e l l s  a re  s e n s i t iv e  to  t h io l  b lockade in  bo th  
IgG and IgM sy n th e s is  a ssay s  r e s p e c tiv e ly . The same was found fo r  AS 
and RA D-PEN p a t ie n ts  (d a ta  n o t shown). Ammonium c h lo r id e  tre a tm e n t i s  
n o t needed h e re , s in c e  red  c e l l s  would have been lysed  d u rin g  th e  48 
hour p re c u ltu re  p e r io d . F ig . 4 .47  shows th a t  in th e  IgG assay  
p o s t- tre a tm e n t w ith  15 mM PHMPSA had no s ig n i f ic a n t  e f f e c t ,  b u t 50 mM 
showed s ig n i f ic a n t  red u c tio n  (p < 0 .0 1 ) in  su p p resso r a c t i v i t y  ,and 
t h i s  e f f e c t  was even more pronounced w ith  100 mM PHMPSA. S im ila r 
tre n d s  were found in  th e  IgM assay . In  bo th  a ssay s , u s in g  50 /^ M
PHMPSA, n o t a l l  s u b je c ts  were eq u a lly  responsive  to  t h io l  b lockade. In  
th e  IgG assay  3 ou t of 9 showed no s ig n i f ic a n t  e f f e c t ,  2 ou t o f 9 a 














F IG . 4 .4 6 E F F E C T  OF DILUTION OF EFFECTOR CELLS + / -  PHMPSA PRETREATMENT, ADDED
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FIG. 4 . 4 7
EFFECT OF POST-TREATMENT bJITH PHMPSA ON '‘'ACTIVITY*
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su p p resso r a c t i v i t y  to  th e  p o in t o f a c tu a l ly  s t im u la t in g  IgG 
s y n th e s is .  S im ila r ly , in  th e  IgM assay, 1 ou t o f 4 s u b je c ts  showed a 
sm all e f f e c t  fo llo w in g  50 mM PHMPSA tre a tre m e n t, b u t 3 ou t o f 4 showed 
a drammatic in h ib i t io n  o f su p p resso r a c t i v i t y  to  th e  p o in t o f a c tu a l ly  
s t im u la t in g  IgM s y n th e s is .  In  bo th  a c t i v i t y  and in d u c tio n  experim ents 
a p p ro p r ia te  c o n tro ls  c o n s is te d  of u n tre a te d  c e l l s ,  p re -  o r 
p o s t - t r e a te d  w ith  PHMPSA in a s im ila r  manner to  the  CON-A tre a te d  
c e l l s .
I t  was wondered w hether lack  of s e n s i t i v i t y  to  th io l  b lockade in
th e  CON-A induced su p p resso r a c t i v i t y  fo r  IgG s y n th e s is  c o r re la te d
w ith  lack  o f t h io l  s e n s i t i v i t y  of CON-A induced su p p resso r a c t i v i t y  in
th e  IgM assay ; however, u n fo r tu n a te ly  none o f th e  3 s u b je c ts  showing
most lack  o f s e n s i t i v i t y  to  t h io l  blockade were in v e s t ig a te d  in  th e
IgM assay , however th e  two s u b je c ts  showing r e l a t i v e l y  l i t t l e
s e n s i t i v i t y  to  th io l  b lockade in  th e  IgG assay  were a lso  in v e s t ig a te d
in  th e  IgM assay , as shown in ta b le  4 .2 5 , which i l l u s t r a t e s  th a t  a
lack  o f th io l  s e n s i t i v i t y  in  one assay  does n o t n ece ssa ry  c o r r e la te
<
w ith  a  lack  o f s e n s i t i v i t y  in  th e  o th e r .
In  a l l  th e se  experim ents a 1:200 d i lu t io n  o f PWM was found to  
again  be an op tim al d i lu t io n  of PWM to  use bo th  to  see  CON-A induced 
su p p ress io n  o f Ig  s y n th e s is  and to  see  maximal d if f e r e n c e s  a f t e r  
PHMPSA trea tm en t (d a ta  n o t shown). However, th e  same message was 
o b ta in ed  u s in g  suboptim al and superop tim al PWM d i lu t io n s ,  i . e .  
a c t i v i t y  bu t n o t in d u c tio n  o f su p p resso r c e l l s  i s  in h ib i te d  by PHMPSA 
tre a tm e n t.
TABLE 4.25
COMPARISON OF EFFECT OF PHMPSA POST-TREATMENT ON CON-A INDUCED SUPPRESSOR 
ACTIVITY IN IgG AND IgM ASSAYS IN 2 SUBJECTS.
+CON-A NO PHMPSA +CON-A +50
RELATIVE % IgG SYNTHESIS
SUBJECT A - 99’/. - 38*/.
SUBJECT B - 87% - 52%
RELATIVE % IgM SYNTHESIS
SUBJECT A - 100% - 57%
SUBJECT B - 89% 171%
PHMPSA
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V isu a lly  i t  was observed in  norm als th a t  UNT p re c u ltu re s  
con tained  w ell se p a re te d , even ly  spaced c e l l s ,  very  few o f wich 
“c lu s te r e d ” to g e th e r  (F ig . 4 .4 9 ) . However, in  th e  CON-A tre a te d  
p re c u l tu re s  numerous c lu s t e r s  were v i s ib l e  (F ig s . 4 .5 0 -4 .5 1 )  and 
c lu s t e r  s iz e  depended on th e  dose of CON-A added, w ith  la rg e r  c lu s t e r s  
form ing as  a  r e s u l t  o f la rg e r  CON-A d o ses . PHMPSA p re tre a tm e n t u s u a lly  
d id  n o t i n h ib i t  th e  tendency to  c lu s te r  to g e th e r ; in  f a c t  in  some 
w e lls  th e  c lu s t e r s  were la rg e r ,  b u t in  some sm a lle r . L ikew ise, a 
p rev io u s  worker in  our la b o ra to ry  found PHMPSA tre a tm e n t d id  n o t 
in h ib i t  c lu s t e r  fo rm ation  [1 2 ]. PHMPSA p re tre a tm en t had v is u a l ly  no 
e f f e c t  on th e  UNT p re c u l tu re .
However, in  th e  CON-A tre a te d  c o c u ltu re s  th a t  had been 
p o s t - t r e a te d  w ith  PHMPSA, fewer c lu s t e r  were v i s ib l e ,  and th e  c e l l  
p o p u la tio n  looked very  s im ila r  to  th e  UNT c o c u ltu re s . When not-PHMPSA 
tr e a te d ,  CON-A c o c u ltu re s  con ta ined  numerous la rg e  c e l l  d u s t e r s  and 
th e  UNT c o c u ltu re  con ta ined  few er and sm a lle r  c lu s t e r s  o f c e l l s .
In  th e  RA NSAID c u l tu r e s ,  c lu s t e r s  were seen in  th e  48 hour CON-A 
p re c u l tu re s ,  b u t th e re  was improved c lu s te r in g  in  th e  c o c u ltu re s  
fo llo w in g  2-ME tre a tm e n t.
In  a l l  c ase s  th e  CON-A c o c u ltu re s  were more o ran g e /y e llo w  than 
th e  UNT c o c u ltu re s  a t  th e  end o f a w eek 's c u l tu re s ,  and t h i s  p a r a l l e l s  
th e  g re a te r  lo s s  o f v i a b i l i t y  o f c e l l s  in  th ese  c u l tu r e s  than in  th e  
UNT c o c u ltu re s  ( ta b le  4 .1 3 ) , in d ic a t in g  a g re a te r  m etab o lic  a c t i v i t y  
in  th e  CON-A c o c u ltu re s .
Fig. 4 . 4 9  : UNTREATED CELL POPULATION AFTER 48 HOUR PRECULTURE IN THE CON-A 
SUPPRESSOR CELL ASSAY. MAGNIFICATION X 100." PHOTO FROM VIDEO SCREEN.
Fig. 4 . 5 0  : CON-A Rx CELL POPULATION AFTER 48 HOUR PRECULTURE IN THE CON-A 
INDUCED SUPPRESSOR CELL ASSAY. MAGNIFICATION X 100.
F ig .4.51 : GON-A TREATED CELLS AFTER 48 HOUR PRECULTURE IN THE CON-A 
INDUCED SUPPRESSOR ASSAY VIEWED UNDER HIGH POWER + OIL. MAGN. X 1250.
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Having shown th a t  CON-A induced su p p re sso r a c t i v i t y  i s  more 
s e n s i t iv e  to  t h io l  b lockade than i s  th e  in d u c tio n  of CON-A induced 
su p re sso r c e l l s ,  we sought to  see  w hether th e  d e fe c t iv e  su p p resso r 
a c t i v i t y  seen  in  RA NSAID, which may be due to  t h io l  o x id a tio n , could  
be improved by 2-ME to  re c o n v e rt d is u lp h id e  bonds to  t h e i r  n a tiv e  f r e e  
SH s t a t e ,
4 . 1 4 .  EFFECT OF 2-ME TREATMENT ON CON-A INDUCED SUPPRESSION 
IN RA NSAID PATIENTS.
Since th e  a c t i v i t y  r a th e r  than  in d u c tio n  of su p p resso r c e l l s  
seems to  be more t h io l  s e n s i t iv e ,  i t  was decided  more lo g ic a l  to  
assume th a t  in  RA NSAID p a t ie n t s  th e re  i s  no d e fe c t  in in d u c tio n  o f 
su p p resso r c e l l s  b u t th a t  th e  a c t i v i t y  i s  su b seq u en tly  in h ib i te d  by 
c e l l  su rfa c e  -SH o x id a tio n  and as  such i t  seemed more lo g ic a l  to  t r e a t  
th e  p u ta t iv e  su p re sso r  c e l l s  w ith  50 ^M 2-ME fo r  1 hour a t  37 °C,
p r io r  to  c o c u ltu r in g  them w ith  responder c e l l s .  To check th a t  any 
e f f e c t  observed was s p e c i f ic  to  RA NSAID and n o t a g e n e ra l phenomenon, 
c e l l s  were t r e a te d  in  a  s im ila r  way in  o th e r  p a t ie n t  groups.
F ig . 4 .5 2  shows th a t  th e re  was a s ig n i f i c a n t  improvement (p < 
0 .005) in  CON-A induced su p p resso r a c t i v i t y  fo r  IgG s y n th e s is -  in  RA 
NSAID a f t e r  2-ME tre a tm e n t, b u t no e f f e c t  in  norm als and AS p a t ie n t s .  
The improvement in  RA NSAID was s u f f i c i e n t  to  norm alise  su p p resso r 
a c t i v i t y  and t h i s  was a lso  t ru e  fo r  2 ou t o f 3 p a t ie n ts  on DPEN/AU who 
o r ig in a l ly  showed d e fe c t iv e  su p p resso r a c t i v i t y .  The th i r d  p a t ie n t  on 
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by t h i s  tre a tm e n t. One of th e  2 RA-DPEN/AU p a t ie n t s  who were 
o r ig i n a l ly  d e fe c t iv e  in  su p p resso r a c t i v i t y  had been on DPEN le s s  than 
6 months; in  f a c t  o n ly  fo r  4 months, bu t th e  o th e r  p a t ie n t  had been on 
in tram u sc u la r  in je c t io n s  of au ro th io m ala te  fo r  3 y e a rs . One must guess 
th a t  th e  f i r s t  s u b je c t  ta k in g  DPEN had n o t been on tre a tm e n t long 
enough fo r  any b e n e f ic ia l  e f f e c t  to  be seen and th e  person  ta k in g  
g o ld , who was s a id  to  be b e n e f i t t in g  from i t ,  should be changed to  a 
d i f f e r e n t  tre a tm e n t o r an in c reased  dose o f au ro th io m a la te .
F ig . 4 .53  s im i la r ly  shows th a t  p o s t- tre a tm e n t w ith  2-ME 
s ig n i f i c a n t ly  improved CON-A induced su p p resso r a c t i v i t y  fo r  IgM 
s y n th e s is  in  RA NSAID compared to  w ithou t 2-ME trea tm en t (p  < 0 .02 )
b u t d id  n o t no rm alise  i t  and th e re  was no s ig n i f ic a n t  e f f e c t  on AS/PSA 
o r  norm al s u b je c ts .  Not s u rp r is in g ly  th e re  was no s ig n i f ic a n t  
d if f e r e n c e  in  CON-A induced su p p resso r a c t i v i t y  a f t e r  ’2-ME tre a tm e n t 
in  RA-DPEN/AU s u b je c ts ,  s in c e  they  were a lre a d y  showing normal 
su p p re sso r a c t i v i ty .  There was a su g g es tio n  of an improvement in  
su p p re sso r a c t i v i t y  in  th e  SLE p a t ie n ts  shown, b u t th e re  was too 
l i t t l e  d a ta  to  comment on.
S ince i t  i s  n o t c o r r e c t  to  assume th a t  e f f e c t s  observed in  normal 
s u b je c ts  app ly  d i r e c t l y  to  th e  s i tu a t io n  in  RA NSAID, i t  was thought 
w ise to  an a ly se  th e  e f f e c t  o f le av in g  2-ME in th e  CON-A su p p re sso r 
c e l l  g e n e ra tin g  system  in  RA NSAID, to  see  i f  a d d itio n  here  too  
improved su p p resso r a c t i v i t y .  Any a m e lio ra tin g  e f f e c t ,  i f  i t  o ccu rs , 
could  conceivab ly  occur w ith in  the  l a s t  hour o f th e  48 hour c u l tu re  
and would than  be com parable to  d a ta  in f ig s .  4 .4 7  and 4 .4 8 . A gain, 
f i g .  4 .54  shows 2-ME d id  s ig n i f i c a n t ly  improve CON-A induced
F IG .  4 . 5 3
EFFECT OF POST-TREATMENT WITH 2-MERCAPT0ETHAN0L ON CON-A
INDUCED SUPPRESSOR ACTIVITY ON IgM SYNTHESIS
<  -50. .
- r e  .+ re  - r e  + re - r e  + re  - r e  + re  - r e  + re*
NORM. NORM. NSfilD NSflID DfVflU DfVflU GS/PSfl fiS^ PSfl SLE SLE
NS p < 0 .0 2  NS NS NS
by Wilcoxon s igned  rank t e s t
* = p = 0.00001 vs . r e l a t i v e  %  IgM sy n th es is  in  n = 6 normals (median 
= -90%) whose c e l l s  were incubated  fo r  1 hour and washed a f t e r  
s u p p re s s o r -c e l l  g en e ra t io n .
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by Wilcoxon s igned rank  t e s t
*  = NS vs. r e l a t i v e  %  IgG sy n th e s is  in  n = 19 normals (median -90%)
whose c e l l s  were incubated  fo r  1 hour and washed befo re  s u p p re s s o r - c e l l  
gen era t io n .
Horizontal bars represent median relative % IgG synthesis.
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su p p resso r a c t i v i t y  fo r  IgG s y n th e s is  in  RA NSAID s u b je c ts
(p < 0 .0 5 ) , ani, d id  n o rm alise  i t ? had no e f f e c t  in
norm als and AS/PSA p a t ie n t s .
S im ila r ly , 2-ME s ig n i f i c a n t ly  improved CON-A induced su p p re sso r
a c t i v i t y  fo r  IgM s y n th e s is  in  RA NSAID s u b je c ts  compared to  norm als (p  
< 0 .0 5 , f i g .  4 .5 5 ) , b u t d id  n o t no rm alise  i t  and had no e f f e c t  inI
RA-DPEN/AU, AS/PSA and normal s u b je c ts ,  who a lre a d y  showed normal 
su p p resso r a c t i v i t y .
P re trea tm e n t of PBMNC fo r  1 hour a t  37 °C w ith  2-ME b e fo re  CON-A 
s tim u la te d  g e n e ra tio n  o f su p p resso r c e l l s  d id  n o t s ig n i f i c a n t ly  
improve su p p resso r c e l l  a c t i v i t y  in  RA NSAID p a t ie n ts  and had no 
e f f e c t  in  norm al, RA-DPEN and AS p a t ie n t s ,  w hether in  th e  IgG or .IgM 
assay  (d a ta  n o t shown).
Table 4 .2 6  shows one RA NSAID p a t ie n t  in  whom 3 su p p resso r a ssay s  
were u t i l i z e d ,  and th e  e f f e c t s  o f 2-ME trea tm en t on su p p resso r 
a c t i v i t y  in  th e  CXDN-A induced su p p resso r system s were an a ly sed . The 3 
su p p resso r a ssay s  c o n s is te d  o f th e  CON-A induced su p p re sso r assay  
u s in g  su p p ress io n  o f IgG or IgM s y n th e s is  and su p p ress io n  o f 
p r o l i f e r a t i o n  as a measure of s u c c e ss fu l su p p resso r c e l l  g e n e ra tio n , 
and th e  s h o r t  liv ed  su p p resso r assay  where a high S . I .  i s  in d ic a t iv e
of th e  lo s s  o f spontaneous su p p resso r c e l l s .
_ In  t h i s  p a r t i c u la r  p a t ie n t  su p p ressio n  o f IgG s y n th e s is  was 
f a i r l y  good, b u t she showed d e fe c t iv e  su p p ressio n  o f IgM s y n th e s is ,
and th e  S .I .  was low, in d ic a t in g  d e fe c tiv e  s h o r t  liv e d  su p p re sso r


















FIG .  4 . 5 5
EFFECT OF LEAVING 2-ME IN CON-A SUPPRESSOR CELL GENERATING







- m e + rE - rE +• rE










NS p < 0 .05 NS
by Wilcoxon s igned rank t e s t
NS
* = p < 0 .0 0 1  vs. r e l a t i v e  %  IgM sy n th es is  in  n = 9 normals (median = -95%) 
whose c e l l s  were incubated  fo r  1 hour and washed befo re  s u p p re s s o r -c e l l  
g en e ra t io n .
Horizontal bars represent median relative % IgM synthesis.
iTABLE 4 . 2 6
ONE 8 2  YEAR OLD FEMALE PATIENT OF DISEASE DURATION = 2 2  YEARS ON NSAID THERAPY 
WITH ACTIVE SYNOVITIS AND EXTRAARTICULAR DISEASE (SJOGREN* SYNDROME) WAS
STUDIED IN DETAIL USING 3  DIFFERENT SUPPRESSOR CELL ASSAYS.






C O N - A  I N D U C E D  
S U P P R E S S O R  
A C T I V I T Y  A S S E S S E D  
AS R E L A T I V E  7. 
I g G  S Y N T H E S I S  
( 1 0  f j g / m l  C O N - A )
-  7 8  7.
A D D I T I O N  OF 2ME  
FOR A8  h WITH 
C O N - A  S U P P R E S S O R  
CELL G E N E R A T I N G  
S YS TE M
-  8 3  7.
C O N - A  I N D U C ED  
S U P P .  A C T I V I T Y  
A S S E S S E D  
AS R E L A T I V E  7. 
I gM S Y N T H E S I S  
( 1 0  / u q /  m l  C O N - A )
-  A5  7.
A D D I T I O N  OF 2ME  
FOR A8 h WITH  
C O N - A  S U P P R E S S O R  
CELL G E N E R AT I N G  
S YS TE M
-  5 6  7.
I
IN  ALL C A S E S  ONLY R ES P ON D E R C E L L S  
MADE I g ' s  AND UNTREATED AND C O N - A  
T RE A TE D  C E L L S  ALONE P RODUCE D  
I N S I G N I F I C A N T  I g ' s  L E V E L S .
ONLY A D D I T I O N  OF C ON - A T RE AT E D  
C E L L S  TO R E S P ON D E R  C E L LS  R E S U L T E D  
IN REDUCED I g ' s  S Y N T H E S I S  FROM 
THEM.
S U P P . A C T I V I T Y
A S S E S S E D
AS R E L A T I V E  7.
P R O L I F R A T I O N
IN R E S P O N S E  TO
PH A 0 . 1 7 .  V : V 
-  3 6  7.
S H O R T - L I V E D  
S U P P R E S S O R  CELL  
A S S A Y  S T I M U L A T E D  
WITH 5  f j q  / m l  
C O N - A  AS A S S E S S E D  
BY S I
1 . 0 3
E F F E C T  OF 2ME TREATMENT OF C E L L S  
ON S U B S E Q U E N T  S U P P R E S S I O N
-  8 0 7 .
I
M Y T O M I C I N - C  TREATMENT OF  
U N T RE A T ED  C E L L S  AND C O N - A  
T RE A T E D C E L L S  I N H I B I T E D  T H E I R  
S U B S E Q U E N T  P R O L I F E R A T I O N  IN  
R E S P O N S E  TO P H A ,  SO ONLY 
R E S P O N D E R  C E L L S  P R O L I F E R A T E
ONLY A D D I T I O N  CF C O N - A  
T RE AT E D C E L L S ,  NOT U NT REAT ED  
C E L L S ,  TO R E S P O ND ER  C E L L S  
I N H I B I T E D  P R O L I F E R A T I O N  OF 
R ES P O N D E R  C E L L S
COMPARED TO DATA IN NORMALS ;
n = ^2 n = 2 0 n  =  4 n = 6
MEAN = -  86  7. MEAN = -  9  3  7. MEAN = - 8 0  % MEAN = 2 . 5
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s ig n i f i c a n t ly  d e fe c t iv e  supp ress io n  o f p r o l i f e r a t i o n  compared to  th e  
improvement in  su p p ress io n  of I g 's  s y n th e s is ;  n o t s u r p r is in g ly  2-ME 
caused g re a te r  improvement in su p p ressio n  o f IgM s y n th e s is  than IgG, 
th e  form er be in g  more d e fe c tiv e  in th e  f i r s t  p la c e . Thus, t h i s  p a t ie n t  
showed sim ultaneous d y sfu n c tio n  in s e v e ra l  su p p re sso r c e l l  c i r c u i t s .
In  th re e  o th e r  RA NSAID p a t ie n ts  w ith  a c t iv e  s y n o v it is  in  whom 
CON-A induced su p p ress io n  of p r o l i f e r a t i o n  on ly  was in v e s t ig a te d , a 
median p e rc e n t p r o l i f e r a t i o n  o f -38% was observed and, s im i la r ly  to  
th e  above p a t ie n t s ,  2-ME trea tm en t norm alised  th e  su p p re ss io n . In  fo u r 
norm als in  whom CON-A induced su p p ress io n  o f p r o l i f e r a t i o n  was 
in v e s t ig a te d , a  median sup p ress io n  of 81% was observed , w ith  a  range 
60-99%. The degree o f su p p ress io n  seemed more v a r ia b le  u s in g  t h i s  
a ssay , which was an o th er reason fo r  p r e f e r r in g  to  look a t  su p p ress io n  
of PWM-stimu^.lated immunoglobulin s y n th e s is .
4 . 1 5 .  EFFECT OF ON CON-A INDUCED SUPPRESSION.
Since PHMPSA i s  n o t a p h y s io lo g ic a l t h io l  b lo ck in g  agen t and was
used sim ply because i t  i s  non r e v e r s ib le ,  th u s  i t  a id s  in te r p r e ta t io n
of d a ta  which might be missed i f  an agen t were used th a t  was
re v e r s ib le ,  i t  was wondered whether s im ila r  r e s u l t s  m ight be ob ta ined
u sin g  th e  p h y s io lo g ic a l o x id iz in g  agen t Ho0o . I t  was known th a t  th e6 Z
in te r p r e ta t io n  of such d a ta  would need to  be g iven  w ith  cau tio n  
because i s  r e a d i ly  reduced in  th e  a i r  and by th e  enzymes bo th
in t r a  and e x t r a c e l lu la r ly ,  e .g . c a ta la s e  and th e  g lu ta th io n e  
pero x id ase  enzymes; th u s  a  lack  of e f f e c t  u s in g  i t  may n o t mean th a t  
th e re  had been no e f f e c t .  Also i t  must be remembered th a t  c e l l s  have
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th e  c a p a c ity  to  re c o n v e rt d isu lp h id e  bonds to  f r e e  SH groups v ia  'the 
g lu ta th io n e  redox c y c le , in v o lv in g  th e  enzymes g lu ta th io n e  p ero x id ase  
and i t s  e s s e n t i a l  c o -s u b s tr a te  g lu ta th io n e  and g lu ta th io n e  re d u c ta se . 
However, c e l l s  do n o t have th e  c a p a c ity  to  re v e rse  th e  e f f e c t  of 
PHMPSA, s in c e  i t  does n o t cause d isu lp h id e  lin k a g e s  b u t a c tu a l ly  
b lo ck s  SH groups by b in d in g  to  them w ith  i t s  m ercury m oiety.
S ince in  v ivo  i t  can be envisaged th a t  ^2^2 would be produced
c o n s ta n tly  d u rin g  an inflam m atory a c t iv e  s y n o v it is  ep iso d e , i t  was 
th o u g h t more p h y s io lo g ic a l to  leave b o th  in  th e  48 hour CON-A
su p p re sso r c e l l  g e n e ra tin g  system and the  subsequen t c o c u ltu re .
F ig . 4 .5 6  shows tha t,w hen  added to  c e l l s  from normal s u b je c ts ,  
in c re a s in g  doses o f causec* 311 in c reased  lo s s  o f su p p resso r
a c t i v i t y  w ith  co n s id e ra b le  lo s s  o f a c t i v i t y  even a t  10 nM 
S im ila r  r e s u l t s  were o b ta in ed  u sin g  AS p a t ie n t s  (d a ta  n o t shown). I t  
must be recorded  th a t  low doses of were found to  be m itogen ic  fo r
IgG s y n th e s is  as shown in  f ig .  4 .1 9 .
F ig . 4 .57  shows th a t  p a ire d  d a ta  a t  10 nM and 10 mM ^ ^ 2  in  
norm als and AS s u b je c ts  a lthough  n o t s ig n i f i c a n t ly  d i f f e r e n t  a t  e i th e r  
c o n c e n tra tio n  do show a g e n e ra l tren d  of lo s s  of su p p resso r a c t i v i t y  
fo llo w in g  H2O2 tre a tm en t fo r  th e  IgG assay . F ig . 4 .5 8  su g g es ts  th a t  RA 
NSAID p a t i e n t s  may be more s e n s i t iv e  to  lo s s  o f su p p resso r a c t i v i t y  by 
H2O2 than  norm als, s in c e  th e  a c t i v i t y  f a l l s  o f f  more ra p id ly . T h is may 
be because they  a lre a d y  have ox id ized  th io l  groups on some
fu n c t io n a l ly  im portan t c e l l  su rfa c e  p ro te in s ,  so a fu r th e r  exposure to
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t h io l  g roups.
F ig . 4 .59  shows s im ila r  r e s u l t s  in  th e  IgM assay  a t  1 juM and 10 
/jM ^2^2 ^o r ^  NSAID, DPEN/AU, AS and normal s u b je c ts .
Thus th e  d a ta  o b ta in ed  w ith  ^ 0 2  tre a tm e n t, a lthough  le s s  marked 
than  w ith  PHMPSA, do show th e  same tre n d , th a t  i s  CON-A induced 
su p p resso r a c t i v i t y  i s  s e n s i t iv e  to  th io l  o x id a tio n  and t h io l  blockade 
and th e  two f a c t s  to g e th e r  would su g g est th a t  i t  i s  l ik e ly  t h a t  th e  
e f f e c t  seen w ith  bo th  re a g en ts  p a r a l l e l  each o th e r  because i t  i s  th e  
same fu n c tio n a lly  im portan t c e l l  su rfa c e  m olecules th a t  a re  a f fe c te d ,  
namely t h io l  g roups.
In  view o f th i s  h y p o th esis  it.-was though t a p p ro p ria te  to  see  i f  
th e re  was a c o r r e la t io n  between CON-A induced su p p resso r a c t i v i t y  fo r  
IgG and IgM sy n th e s is  and serum th io l  g roups, th e  l a t t e r  be ing  an 
in d i r e c t  measurement o f what m ight be happening to  c e l l  su rfa c e  t h io l  
groups. In  o rd e r to  o b ta in  a range o f th io l  groups ex tend ing  over a 
normal and an abnormal range, a l l  s u b je c ts  ( i . e .  norm als, RA NSAID, 
RA-DPEN/AU and AS/PSA p a t i e n t s )  were considered  to g e th e r  on one g raph .
In te r e s t in g ly ,  th e re  was a s ig n i f ic a n t  c o r r e la t io n  ( r  = 0 .4 4 , p < 
0 .0 1 ) between r e l a t iv e  p e rc en t of IgG s y n th e s is  and serum t h i o l ' l e v e l s  
(F ig . 4 .6 0 ) and an even more s ig n i f ic a n t  c o r r e la t io n  between r e l a t iv e  
p e rc e n t o f IgM sy n th e s is  and serum th io l  le v e ls  (F ig . 4 .6 1 , r  = 0 .6 4 ,
p < 0 .0 0 1 ). There was an in s u f f ic ie n t  range o f t h io l  le v e ls  w ith in  
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FIG.4.60 CORRELATION OF RELATIVE %  IgG SYNTHESIS VS. SERUM SH LEVELS 
IN ALL SUBJECTS (NORMALS, AND ALL PATIENTS)
—40
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4,16. EFFECT OF PHMPSA ON MITOGEN STIMULATED PROLIFERATION.
The f a c t  th a t  CDN-A induced su p p re sso r a c t i v i t y  was more 
s e n s i t iv e  to  t h io l  b lockade than in d u c tio n  was s u rp r is in g  in  th e  l ig h t  
o f experim en ts c a r r ie d  ou t on normal s u b je c ts  showing p r o l i f e r a t i o n  in  
response  to  v a r io u s  m itogen, i . e .  CON-A, PHA, a n t i  CD3 Mab and PWM^was 
in c re a s in g ly  in h ib ite d  by in c re a s in g  c o n c e n tra tio n s  o f PHMPSA when th e  
l a t t e r  was l e f t  in  th e  72 hours c u ltu re  (d a ta  n o t shown). However, 
such experim ents could be c r i t i c i s e d  s in c e  i t  could  be argued th a t  the  
in h ib i to r y  e f f e c t  was due to  PHMPSA in te r a c t in g  w ith  and in h ib i t in g  
im portan t components in  th e  medium, o r even in h ib i t in g  the  a c tio n  of 
th e  m itogens them selves. T his could be th e  in te r p r e t io n  o f ta b le  4 .2 7 , 
which i l l u s t r a t e s  v i a b i l t i e s  of c e l l s  a f t e r  72 hours in cu b atio n  + /-  
m itogen, + / -  v a rio u s  c o n ce n ta tio n s  of PHMPSA, where . i t  was found th a t  
v i a b i l i t i e s  f e l l  to  a g r e a te r  e x te n t in  th e  p resen ce  o f m itogens, than 
in  t h e i r  absence, and PHMPSA fu r th e r  decreased  v i a b i l i t i e s  in  a dose 
dependent manner more s ig n i f ic a n t ly  a t  100 mM PHMPSA than a t  50 mM, 
bu t th a t  even a t  100 /uM v i a b i l i t i e s  were s t i l l  a cc e p tab le .
To avoid  t h i s  c r i t i c i s m ,  th e  experim ents were c a r r ie d  ou t w ith  
p re tre a tm e n t o f PBMNC w ith  50 mM PHMPSA fo r  1 hour a t  37 °C then 
washed o f f ,  follow ed by a 72 hours in cu b a tio n  w ith  v a rio u s  m itogens. 
In  t h i s  way v i a b i l i t i e s  were even le s s  e f f e c te d ,  even fo llo w in g  100 pM 
PHMPSA tre a tm e n t, where v i a b i l i t y  was g r e a te r  than 95%.
I n i t i a l l y  experim ents were s e t  up to  f in d  th e  optimum dose of
t
m itogen to  use in th e se  experim ents. F ig . 4 .6 2 -4 .6 5  show th a t
TABLE 4 . 2 7
CELL VIABILITY AFTER 7 2  HOUR INCUBATION WITH/WITHOUT MITOGEN,  
WITH/WITHOUT VARIOUS PHMPSA CONCENTRATION (RESULTS EXPRESSED AS 7. 
VIABLE CELLS ±  SEM, P = PHMPSA).
7. VIABLE CELLS 7. VIABLE CELLS 7. VIABLE CELLS
UNTREATED____ 99 + 1 CON-A 10 f u g / m l . . . .  8 2  ±  3 PHA 0 . 1 7 .  V : V . . . . 7 7 + 12
+ 5  mM P ........... 9 9 + 0 . 6 + 5  / j M  P ................... . . 8 0 + 5  i^M P ........... ..... . 7 7 + 12
+ 10 /j M P ____ 9 9 + 0 . 5 + 10 /uM P ................. . . 81 + 5  mM P .................. . 7 3 + a
+ 5 0  P ____ 9 9 + 0 . 4 + 5 0  P ................. .. . 8 2 + 5 0  P ............... . 7 0 + 14
+ 1 0 0  P . . . 9 9 + 1 + 1 0 0  f J I  P ................. .  7 9 + 3 + 1 0 0  / j M  P ........... + 20
TABLE 4.28
EXPERIMENT TO FIND THE OPTIMUM CONCENTRATION OF 
2-MERCAPTOETHANQL (2 -ME)  TO MAXIMALLY IMPROVE PROLIFERATION 
IN RA NSAID WITHOUT AFFECTING CELL VIABILITY (ri = 6 ) .
±  2 - M E  (juM) 0 5 0 100
■
5 0 0
7  ( C P M / 1 0 6 - B K G ) 2 6 8 0 6 7 3 2 3 7 5 6 2 4 1 2 6 0 5 3 6 1 3
±  SEM 8 1 0 9 2 9 1 1 1 0 8 1 0 0 0 1 0 0 0
CELL V I A B I L I T Y 997 . 9 9 X 9  97. 3 0 7 .
( 7  07. c e l l  

























FIG. 4 .62  DOSE-RESPONSE CURVE FOR CON-A INDUCED PROLIFERATION 











C O N - A  CONCENTRATION ( y g / m l )
FIG.4 .63  DOSE-RESPONSE CURVE FOR PHA INDUCED PROLIFERATION 
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F I G .4 .6 4  DOSE-RESPONSE CURVE FOR Mab-T3 INDUCED PROLIFERATION
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FIG. 4 . 6 5  DOSE-RESPONSE CURVE FOR PWM INDUCED PROLIFERATION
IN NORMAL SUBJECTS AFTER A 72 HOUR CULTURE PERIOD
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238
re s p e c t iv e ly  10 Mg/ml CON-A, 0.1% v /v  PHA (10 M g / m l ) ,  1:20,000
d i lu t io n  o f a n t i  CD3 Mab and 1:200 d i lu t io n  o f PWM were optimum doses 
0
p e r 1 x 10 /m l PBMNC in  200 Ml c u ltu re . R esu lts  were exp ressed  as 
p e rcen tag e  o f  maximum coun ts  fo r  each dose w ith in  an in d iv id u a l and 
then  p e rc en ta g e s  fo r  each dose averaged fo r  a l l  th e  normal in d iv id u a ls  
under in v e s t ig a t io n ,  because th e  a c tu a l  CPM d a ta  v a rie d  c o n s id e ra b ly  
s u b je c t  to  s u b je c t ,  a s  seen in  F ig s . 4 .7 0 -4 .7 2 .
F ig s . 4 .6 6 -4 .6 9  show th e  e f f e c t  o f p re tre a tm e n t w ith  PHMPSA on 
subsequent p r o l i f e r a t i o n ;  again  because o f th e . la rg e  in d iv id u a l 
v a r ia t io n  in  CPM i t  was thought w iser to  n o rm alise  th e  d a ta  by 
ex p re ss in g  th e  r e s u l t s  a t  each PHMPSA c o n c e n tra tio n  as  p e rcen tag e  of 
counts r e l a t i v e  to  th o se  in  a p o p u la tio n  of c e l l s  n o t t r e a te d  w ith  
PHMPSA (p e r  each in d iv id u a l) ,  which were then averaged fo r  a l l  th e  
normal s u b je c ts  under in v e s t ig a t io n . Again, PHMPSA p re tre a tm e n t was 
found to  in h ib i t  subsequen t p r o l i f e r a t io n  in  response  to  th e  v a rio u s  
s t im u li .
4 .1 7 .  EFFECT OF 2-ME TREATMENT 
ON PROLIFERATION OF RA NSAID CELLS.
The d e fe c t iv e  p r o l i f e r a t i o n  observed fo llo w in g  m itogen tre a tm en t 
(CON-A, PHA and anti-CD 3 Mab) in  RA NSAID p a t ie n t s  was found to  be 
improved by a 1 hour p re in cu b a tio n  w ith  50 mM 2-ME a t  37 °C, found
p re v io u s ly  to  be an optimum c o n ce n tra tio n  fo r  s tim u la tio n  'o f  
p r o l i f e r a t i o n  w ith o u t in h ib i t in g  c e l l  v i a b i l i t y  (T able 4 .2 8 ) .  F ig s  
4 .7 0 -4 .7 2  show 2-ME s ig n i f i c a n t ly  improved th e  p r o l i f e r a t i v e  response 








































F IG .4.66 EFFECT OF PRETREATMENT WITH PHMPSA ON SUBSEQUENT PROLIFERATION
IN RESPONSE TO 10 pg/m l CON-A IN NORMAL SUBJECTS
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FIG.4.67 EFFECT OF PRETREATMENT WITH PHMPSA ON SUBSEQUENT PROLIFERATION 
IN RESPONSE TO 0.1% V:V PHA IN NORMAL SUBJECTS
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F IG .4 . 6 8  EFFECT OF PRETREATMENT WITH PHMPSA ON SUBSEQUENT PROLIFERATION
IN RESPONSE TO 1 :2 0 ,0 0 0  Mab-T3 IN NORMAL SUBJECTS
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FIG.4 . 6 9  EFFECT OF PRETREATMENT WITH PHMPSA ON SUBSEQUENT PROLIFERATION 
IN RESPONSE TO 1:200 PWM IN NORMAL SUBJECTS
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FIG. 4 . 7 0
EFFECT OF 2-HE ON CON-A INDUCED PROLIFERATION
IN RA NSAID PATIENTS
.200.:
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T
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p <  0.05 NS
by by
Wilcoxon signed rank t e t s  Mann-Whitney U -te s t
6CPM were m u lt ip l ied  by 10 to  give CPM/10 c e l l s .
H o r iz o n ta l  b ars  r e p r e s e n t  median CPM, h a v in g  s u b t r a c t e d  background c o u n t s .
FIG. 4 .7 1
EFFECT OF 2-ME ON PHA STIMULATED PROLIFERATION
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FIG. 4.72
EFFECT OF 2-ME OM T3 Mab STIMULATED PROLIFERATION
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CPM were m u l t ip l ie d  by 10 to  g ive  CPM/10 c e l l s .
Horizontal bars represent median CPM, having subtracted background counts
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and in  f a c t  norm alised  th e  d a ta  when compared to  p r o l i f e r a t i o n  in  
normal in d iv id u a ls . S ince no d if f e r e n c e s  were observed in  p a t ie n ts  
w ith  and w ith o u t RF, a l l  such p a t ie n t s  were grouped to g e th e r .
The d e fe c tiv e  p r o l i f e r a t io n  observed in  RA NSAID was found n o t to
be due to  d i f f e r e n t  k in e t ic s  o f p r o l i f e r a t i o n ,  which was found to  be
th e  same in  RA NSAID and normal in d iv id u a ls  (d a ta  n o t shown), nor to
RA NSAID p a t ie n ts  showing a d i f f e r e n t  dose response  curve s in c e  th i s
was s im ila r  in  th e  two groups (F ig s . 4 .7 3 -4 .7 5 ) . However, p r io r
a c t iv a t io n  o f th e  c e l l s  in  v ivo  could  account fo r  th e  d e fe c t iv e
3
p r o l i f e r a t i o n ,  s in c e  s ig n i f i c a n t ly  ra is e d  background [ H]-TdR uptake 
was found compared to  norm als (d a ta  n o t shown).
These r e s u l t s  f u r th e r  i l l u s t r a t e  th a t  fu n c t io n a l ly  im portan t 
th io l  groups a re  o x id ized  in  RA NSAID and may p la y  a r o le  in  th e  
im m unodysregulation observed.
4 . 1 8 .  EFFECT OF HJX, ON MITOGEN STIMULATED PROLIFERATION.
Again i t  was considered  a d v isa b le  to  see  w hether le av in g  th e  
p h y s io lo g ic a l o x id iz in g  agen t in  th e  72 hours c u l tu re  p e rio d
w ith /w ith o u t m itogens (F ig . 4 .7 6 -4 .7 8 )  or p re tre a tm e n t o f . c e l l s  w ith  
Ho0o and washing i t  o f f  p r io r  to  m itogen s tim u la tio n  (F ig s . 
4 .7 9 -4 .8 0 ) , p a ra l le le d  r e s u l t s  observed w ith  PHMPSA.
In bo th  cases  th e  same tre n d  was observed , i . e .  in c re a s in g  doses 
o f ^ 0 2  in c reased  su p p ress io n  o f p r o l i f e r a t i o n .  I t  was considered  th a t  
experim ents where H2O2 was l e f t  in  th e  c u l tu re  ty p if ie d  th e  in v ivo  
























FIG.4.73 DOSE-RESPONSE CURVE FOR CON-A INDUCED PROLIFERATION
IN RA NSAID PATIENTS AFTER A 72 HOUR CULTURE PERIOD
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FIG.4.74 DOSE-RESPONSE CURVE FOR PHA INDUCED PROLIFERATION 
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F IG .4.75 DOSE-RESPONSE CURVE FOR Mab—T3 INDUCED PROLIFERATION 
IN RA NSAID PATIENTS AFTER A 72 HOUR CULTURE PERIOD
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FIG. 4.76 EFFECT OF LEAVING F^O WITH 10 jig/ml CON-A IN A 72 HOUR
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FIG. 4.77EFFECT OF LEAVING H202 WITH 0.1% PHA V:V IN A 72 HOUR 
CULTURE ON SUBSEQUENT PROLIFERATION IN NORMAL SUBJECTS
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FIG.4.78 EFFECT OF LEAVING H 0 WITH 1:20,000 Mab-T3 IN A 72 HOUR
2 2
CULTURE ON SUBSEQUENT PROLIFERATION IN NORMAL SUBJECTS
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F I G . 4 . 7 9  EFFECT OF H 0  PRETREATMENT ON SUBSEQUENT PROLIFERATION
2 2
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FIG. 4.80 EFFECT OF H 0 PRETREATMENT ON SUBSEQUENT PROLIFERATION
2 2
IN RESPONSE TO 0.1% PHA V:V IN NORMAL SUBJECTS
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G re a te r  su p p ressio n  o f p r o l i f e r a t io n  was observed when was l e f t
in  th e  c u l tu re  than i f  i t  was washed o f f ,  p robab ly  because 
p re tre a tm e n t en ab les  c e l l s  to  reco v er and re -re d u c e  th e  o x id ized  c e l l
su rfa c e  groups to  some e x te n t . I n h ib i t io n  o f p r o l i f e r a t i o n  was a lso
c le a r ly  v i s ib le  s in c e  th e  c e l l s  were n o t sp read in g  o u t, b u t rem ained 
t i g h t ly  packed as  a p e l l e t  a t  th e  bottom  o f th e  w e ll.
V ia b i l i t i e s  s tu d ie s  showed very  l i t t l e  in h ib i t io n  o f v i a b i l i t y  in  
th e  range 10 nM to  1 mM w ith  a 50% re d u c tio n  in  c e l l  v i a b i l i t y  a t  10 
and 100% c e l l  d ea th  50 aM onwards, bo th  when c e l l s  were p re tre a te d  
w ith  ^2^2 when t h i s  was washed o f f ,  o r when ^2^2 was ^he
c u l tu re  + /-  mitogen (T ab les 4 .2 9 -4 .3 0 ) .
I t  i s  thought th a t  p h y s io lo g ic a l ly  lo c a l c o n c e n tra tio n s  of 
between 10 nM and 10 a*M would c e r ta in ly  be p o s s ib le  in  RA NSAID
p a t ie n ts  in  s i t e s  o f a c t iv e  inflam m ation and w ith in  t h i s  range th e
p r o l i f e r a t i v e  response to  an ti-C D 3 Mab (F ig . 4 .7 8 ) seems to  be more
s e n s i t iv e  to  ^2^2 '^^an C ^-A  and PHA, p robab ly  because p r o l i f e r a t io n  
in  response to  anti-CD3 Mab re q u ire s  even more co o p era tio n  between 
lymphocytes and monocytes (anti-CD 3 responses in vo lve  FC re c e p to r  
(FCR1) in te r a c t io n  on monocytes [1 3 ]) , and bo th  lymphocytes and
t
monocytes have been shown to  have c e l l  su rfa c e  t h io l  groups im portan t 
fo r  t h e i r  in te r a c t io n  [1 ] , P o ss ib ly  p r o l i f e r a t io n  in  response to  CON-A 
and PHA a re  le s s  monocyte dependent.
In  t^he l ig h t  of th e se  and p rev io u s  r e s u l t s ,  showing th e  t h io l
dependence o f p r o l i f e r a t io n  and CON-A induced su p p resso r a c t i v i t y ,  b u t 
e s s e n t ia l ly  th io l  independence of in d u c tio n  o f CON-A induced
TABLE 4 . 2 9
PERCENTAGE OF VIABLE CELLS REMAINING AFTER TREATMENT FOR I HOUR WITH 
VARIOUS H Og CONCENTRATION, THEN WASHED OFF (n = > .
ch2o2] VIABILITY
0 99 7.
10 nM 99 7,
100 nM 98 7.
1 fjn 96 7.
10 fJA 50 7.
100 M^ 0 7.
1 mM 0 7.
10 mM 0 7.
TABLE 4.30
VIABILITY STUDIES IN THE PRESENCE OF HgOg LEFT IN CULTURE FOR 72 
HOURS WITH/WITHOUT MITOGEN IN TWO NORMAL SUBJECTS. RESULTS ARE EXPRESSED AS x 
7. VIABLE CELLS (n = 2).
CH202 ] NO MITOGEN 10 Mg/ml CON-A 0.17. V/V
0 nM 997. 967. 967.
10 nM 997. 957. 967.
20 nM 977. 957. 957.
100 nM 957. 957. 957.
200 nM 957. 957. 957,
1 /jM 957. 957. 957.
ru 957. 957. 957.
10 m M ^87. 697. 507.
50 07. 07. 07.
100 ^M 07. 07. • 07.
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su p p resso r a c t i v i t y ,  i t  was wondered what a sp e c ts  could be th io l  
dependent. S ince a l l  4 m itogens were in h ib i te d  to  th e  same e x te n t a t  
th e  same c o n c e n tra tio n  o f PHMPSA, i t  was though t th a t  perhaps a 
s im ila r  mechanism was re sp o n s ib le  fo r  in h ib i t io n  in  each case .
Three p o s s i b i l i t i e s  were in v e s t ig a te d , s in c e  they  a ls o  bore 
re lev an ce  to  th e  CON-A induced su p p resso r assay : because i t  has been 
suggested  th a t  th e  CON-A induced su p p resso r assay  i s  an a r t e f a c t  i . e .  
i t  has been suggested  th a t  su p p resso r c e l l s  bear IL -2 re c e p to r s  which 
a re  ab le  to  b ind  IL -2 made by T - c e l ls  in th e  responder p o p u la tio n  in  
th e  c o c u ltu re  and th u s  reduce i t s  c o n ce n tra tio n  fo r  use by th e  IL-2R 
b ea rin g  CD4+ and B -c e lls  in  th e  responder p o p u la tio n , which a re  th u s  
a r te f a c tu a l ly  in h ib i te d  from producing  immunoglobulins by d e fe c tiv e  
IL -2 le v e ls  in  th e  medium [14-16].
T h u s,th e  t h io l  dependence o f IL -2 p ro d u c tio n , IL -2 re c e p to r  
in d u c tio n , IL -2 re c e p to r  ex p ress io n  and a b i l i t y  to  bind IL -2 were 
analy sed , a lthough  i t  must be remembered th a t  o th e r  in te r le u k in s  and 
th e i r  re s p e c tiv e  re c e p to rs  and o th e r  so lu b le  im m unoregulatory fa c to r s  
could e q u a lly  o r a l t e r n a t iv e ly  be invo lved , or some o th e r  mechanism 
a l to g e th e r .
4 .1 9 .  PRODUCTION OF "EDUCATED” CELLS FOR I L - 2  ESTIMATION.
F i r s t  a tte n tio n -  was drawn to  th e  idea  th a t  perhaps IL-2 
p roduction  could be in h ib i te d  by PHMPSA p re tre a tm e n t o f norm al PBMNC, 
so an IL-2 assay  was s e t  up to  in v e s t ig a te  t h i s .
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The IL -2 assay  c o n s is te d  o f a  system  in  which c e l l s  were 
“ educated" w ith  RPMI c o n ta in in g  10% FCS fo r  10 days, a f t e r  which th e  
IL -2 re c e p to r  i s  expressed  as shown in  f i g .  4.81and th e  c e l l s  can 
su b seq u en tly  p r o l i f e r a t e  when rIL -2  or IL -2  c o n ta in in g  su p e rn a ta n ts  
a re  added [17 ].
I t  was observed th a t  d i f f e r e n t  b a tch es  o f FCS had d i f f e r e n t  
a b i l i t i e s  to  “ ed u ca te"  PBMNC to  become capab le  o f p r o l i f e r a t i n g  in  
response  to  rIL -2 , a s  shown in  f ig .  4 .8 2 . Some b a tch es  a re  so p o te n t 
th a t  they  even cause IL -2 p roduction  as w e ll as  IL-2R e x p re ss io n , 
r e s u l t in g  in  spontaneous p r o l i f e r a t io n  o f “ educated" c e l l s .  Such
“ m itogen ic"  b a tch es  were avoided fo r  th e  a ssay  in  t h i s  p r o je c t ,  s in c e  
th ey  could c re a te  problem s when d e a lin g  w ith  very  . low IL -2 le v e ls  
expected in  mitogen s tim u la te d  PBMNC s u p re n a ta n ts , because th e
d if fe re n c e  between background p r o l i f e r a t i o n  and p r o l i f e r a t i o n  as a
r e s u l t  o f su p e rn a ta n t a d d itio n  could be m inim al, th u s  reduc ing  th e
\
r e l i a b i l i t y  o f th e  r e s u l t s  o b ta in ed .
I t  was a lso  observed th a t  in  th e  range 0 .0001-10 IU/ml (a  range 
in  which th e  high  a f f i n i t y  IL-2 re c e p to r  would be in  o p e ra tio n  ) ,  
u s in g  a s in g le  b a tch  o f FCS, in d iv id u a ls  v a rie d  c o n s id e ra b ly  in  th e  
p r o l i f e r a t i v e  c a p a c ity  in  response to  rIL -2 , as shown in  f ig .  4 .83
C onsiderab le  in d iv id u a l v a r ia t io n  in  p r o l i f e r a t i v e  c a p a c ity  u sin g  
a  s in g le  b a tch  o f FCS was a lso  observed when th e  dose range o f rIL -2  
was in c reased  to  0 .0 1 -1 ,000  IU/ml ( to  cover a range in  which th e  h igh  
a f f i n i t y  and in te rm e d ia te  a f f i n i t y  IL-2 re c e p to rs  would be in  


















FIG. 4 . 8 1  CD-25 EXPRESSION INDUCED BY MITOGENS (CON-A OR PHA)










0  0.1% v : v PHA -h  10 pg/ml Con-A ONO MITOGENS
n = 6 n = 6 . n = 3
Showing peak CD-25 expression occurs at 72 hours after mitogen stimulation 
but only after 240 hours in the absence of mitogens.
All culture media contain 10% foetal calf serum.
FIG.4.82 EFFECT OF DIFFERENT BATCHES OF FCS ON ABILITY TO INDUCE
"EDUCATED CELLS" FROM PBMNC AFTER A 10 DAY CULTURE PERIOD- 
SHOWN BY THEIR SUBSEQUENT PROLIFERATION TO rIL-2 10-0.0001 IU/ml
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FIG. 4.83VARIATION IN SENSITIVITY OF EDUCATED CELLS FROM DIFFERENT NORMAL 
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FIG. 4.84 RESPONSE OF EDUCATED CELLS FROM 5 NORMAL SUBJECTS 
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I t  was shown th a t  "ed u ca ted ” c e l l s  were s e n s i t iv e  to  CON-A (F ig . 
4 .8 5 ) and PHA (d a ta  n o t shown), so i t  was im portan t to  have a  washing 
s te p  d u rin g  IL -2 su p e rn a ta n t p ro d uction  to  r id  th e  su p e rn a ta n t o f 
CON-A o r PHA which would o th erw ise  in t e r a c t  w ith  "ed u ca ted ” c e l l s  end 
f a l s e ly  r a i s e  t h e i r  co u n ts .
To avoid th e  washing s te p  m itogens can be removed by b in d in g  to  
columns e .g .  PHA can be removed by p a ss in g  th e  sample through a CON-A 
sepharose 4B column, b u t fo r  th e  sm all 1 ml volumes used in  t h i s  
experim ent, t h i s  method would n o t have been econom ical and i t  was 
found as  long as  e f f i c i e n t  washing was c a r r ie d  o u t, th e  m itogens d id  
n o t in te f e r e  in  th e  subsequent IL -2 assay . A lte rn a t iv e ly ,  o th e r  
methods fo r  removing l e c t in s  from su p e rn a ta n ts  a re : by HPL
chrom atography, ad so rp tio n  to  chicken red  c e l l s ,  a b so rp tio n  to  s i l i c i c  
ac id  o r s e q u e n tia l  NH^SO  ^ p r e c ip i ta t io n .  *
Experim ents were attem pted  to  see  w hether a d d itio n  o f 3 mM, 30 mM 
o r 0 .3  M a-m ethylm annoside to  th e  "ed u ca ted ” c e l l  assay  fo r  IL-2
measurements would allow  th e  use o f CON-A s tim u la te d  IL-2 c o n ta in in g
su p e rn a ta n ts  to  be used d i r e c t l y  w ithou t re q u ir in g  a washing s te p  and
w ithou t in te r f e r in g  w ith  th e  a b i l i t y  o f "ed u ca ted ” c e l l s  to  respond to  
rIL -2 . I n i t i a l  experim ents showed t h i s  to  be a p o s s ib i l i t y  and i f  tim e 
had p e rm itted  th i s  would have been th e  method o f ch o ice .
4 . 2 0 .  EFFECT OF PHMPSA ON I L -2  PRODUCTION.
I n i t i a l l y  experim ents were c a r r ie d  ou t to  f in d  the  optimum dose 









SENSITIVITY OF EDUCATED CELLS TO C O N -A
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40 6020
[CON—A] (u g /m l)
□  SUBJ. A 4  SUBJ. B 4  SUBJ. C
Since educated cells proliferate in response to Con-A to varying degrees 
in different subjects, these results indicate the need to eliminate 
Con-A from the cell supernatant before measuring IL-2.
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f in d  a t  what p o in t su p e rn a ta n ts  should be h a rv ested  such th a t  maximum 
IL-2 c o n c e n tra tio n s  would be observed. The form er was found to  be 10 
/jg/m l CON-A (F ig . 4 .8 6 ) and i t  was found th a t  maximum IL -2  o u tp u t 
occured between 24 and 48 hours in  c u l tu re  and t a i l e d  o f f  e i th e r  s id e  
o f t h i s  (F ig . 4 .8 7 ) .
i
I t  was found th a t  p re tre a tm en t o f normal PBMNC w ith  50 mM PHMPSA 
(F ig . 4 .8 8 ) d id  n o t s ig n i f ic a n t ly  a f f e c t  t h e i r  subsequent a b i l i t y  to  
produce IL -2 , nor d id  50 mM PHMPSA in h ib i t  th e  a b i l i t y  o f a lre ad y  
CON-A s tim u la te d  c e l l s  to  s e c re te  IL-2 (d a ta  n o t shown).
S im ila r r e s u l t s  were ob ta ined  u s in g  suboptim al and sup ero p tim al 
c o n c e n tra tio n s  of CON-A and PHA and u s in g  0.1% v /v  PHA in s te a d  ( o f 
CON-A, found to  be an optimum dose fo r  s tim u la tio n  o f IL -2 p ro d u c tio n  
w ith  PHA (d a ta  n o t shown).
P a r a l l e l  s tu d ie s  u s in g  th e  p h y s io lo g ic a l t h io l  ox id an t ^2^2 
in  th e  c u l tu re  a lso  showed no e f f e c t  on IL-2 p ro d u c tio n  (d a ta  n o t 
shown). Thus in h ib i t io n  o f mitogen s tim u la te d  p r o l i f e r a t io n  by PHMPSA 
is  n o t a r e s u l t  o f in h ib i t io n  o f IL-2 p ro d u c tio n .
4 . 2 1 .  COMPARISON OF I L - 2  PRODUCTION 
IN VARIOUS PATIENT GROUPS AND NORMALS.
Since v a rio u s  w orkers suggested  IL-2 i s  re q u ire d  fo r  m atu ra tion  
and a c t i v i t y  o f su p p resso r c e l l s  [1 8 ], i t  was wondered w hether 
d e fe c t iv e  CON-A induced su p p resso r a c t i v i t y  in RA NSAID was due to  
d e fe c t iv e  IL -2 p ro d u c tio n , a l ik e ly  h y p o th esis  in  th e  l ig h t  o f reduced 














I L - 2  STANDARD C U R V E S
CON-A Q jg /m i)
Showing that 10 pg/ml Con-A is optimal for maximal IL-2 production
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F IG . 4 .8 7
KINETICS O F  I L - 2  P R O D U C T IO N  IN N O R M A L S
TIME (hours)
Time indicates total time in culture,
- 12 hours with 10 ^ g/ml Con-A, wash,
- 24 hours with 10 pg/ml Con-A, wash,
- 24 hours with 10 pg/ml Con-A, wash,
Showing a total culture time of 48 hoi
concentrations to be obtainable in
therefore:
12 hrs. mitogen-free = 24 hour culture
24 hrs mitogen-free = 48 hour culture
48 hrs mitogen-free = 72 hour culture
irs is opctijnal for maximal IL-2 
normal subjects.
FIG. 4 .8 8
EFFECT OF PRE-TREATMENT bJITH 50 \if\ PHMPSA
ON ABILITY OF CON-A TO INDUCE IL-2 PRODUCTION
10 ng/ml CGM-fl PRE-RX WITH fW Sfl
TVETi 10 fig/ml COM-fl
NS
by Wilcoxon signed rank test
Horizontal bars represent median IL-2 concentartion.
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NSAID [1 9 ], though t a t  one tim e to  be th e  main producer o f IL -2 [2 0 ].
F ig . 4 .8 9  shows no s ig n i f ic a n t  d if f e r e n c e s  in  IL -2 p ro d u c tio n  in  
t o t a l  RA NSAID p a t ie n t s  (± EAD, ± RF) compared to  norm als, nor i f  
sep a ra te d  in to  RA NSAID -EAD or +EAD ( i . e .  w ith  more sev e re  d is e a s e ) .  
No d if f e r e n c e  between -EAD and +EAD RA NSAID was a lso  found. AS
p a t ie n t s  a lso  showed no s ig n i f ic a n t  d if f e r e n c e  in  IL -2 p ro d u c tio n
compared to  norm als. There was c o n s id e ra b le  in d iv id u a l v a r ia t io n  in  
IL-2 o u tp u t: t h i s  o b se rv a tio n  has been noted  by o th e r  w orkers [21]; 
hence th e  need to  show th e  d a ta  on a log  s c a le .  The range o f IL -2 
c o n c e n tra tio n s  found here  a re  s im ila r  to  th o se  quoted  by o th e rs  [2 1 ]. 
In no groups was th e re  spontaneous re le a s e  o f IL -2 . In  th e  l ig h t  o f 
th e  above s ta tem en t n o t s u rp r is in g ly  experim ents c a r r ie d  o u t to  see 
th e  e f f e c t  o f 2-ME on IL -2 p ro d u c tio n  in  t o t a l  RA NSAID (+/-EAD,
+/-RF) showed no s ig n i f ic a n t  d if f e r e n c e s  compared to  norm als (F ig  
4 .9 0 ) , nor i f  2-ME was added to  c e l l s  from e i th e r  -EAD o r +EAD 
p a t ie n t s  (d a ta  n o t shown).
Although th e  RA NSAID p a t ie n t s  were shown to  s e c re te  le v e ls  of
IL-2 n o t s ig n i f ic a n t ly  d i f f e r e n t  to  th a t  o f norm als, th e re  was a 
tendency to  show in c resed  d e f ic ie n c y  in  IL -2 p ro d u c tio n  in  th o se  *RA 
NSAID p a t ie n ts  showing more sev ere  d is e a s e , th a t  i s  +EAD, and in  f a c t  
1 ou t o f th e  11 of th e se  p a t ie n t s  showed th e  low est IL -2 p ro d u c tio n  o f 
a l l  s u b je c ts  in v e s t ig a te d . I t  was wondered w hether t h i s  tendency was 
because th e  k in e t ic s  o f IL -2 p roduction  was d i f f e r e n t  to  th a t  in  
norm als; however f ig .  4 .91  shows th a t  i t  i s  n o t th e  case .
S ince i t  has been suggested  th a t  IL -2 i s  im portan t in  th e
FIG. 4 .8 9
I L - 2  PRODUCTION IN NORMALS, RA N S A ID ,  AS P A T I E N T S  
















= This bar represents median IL-2 production for all (n = 20) RA NSAID, 
with/without extra-articular disease (EAD).
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IN RA NSAID PATIENTS
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Showing a total culture time of 48 hours is optimal for maximal 
IL-2 concentrations to be obtainable in RA NSAID patients.
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m atu ra tio n  and ex p ress io n  o f PWM induced su p p resso r a c t i v i t y  [18] and 
p o s s ib ly  CON-A induced su p p resso r a c t i v i t y ,  in  view of th e  appearance 
o f CD25 on CON-A a c tiv a te d  su p p resso r c e l l s  [2 2 ] , i t  was wondered
w hether d e fe c tiv e  su p p resso r a c t i v i ty  fo r  IgG and IgM s y n th e s is  in  RA 
NSAID c o r re la te d  w ith  th e  tendency fo r  d e fe c tiv e  IL -2 p ro d u c tio n . Not 
even a tre n d  tow ards c o r re la t io n  was observed between IL -2 and 
su p p ress io n  o f IgG sy n th e s is  (n = 20, r  = 0 .1 7 ); however a tren d
tow ards a  n e g a tiv e  c o r r e la t io n ,  a lthough  n o t s ig n i f i c a n t ,  was observed 
between IL-2 and su p p ress io n  o f IgM s y n th e s is  (n = 9, r  = -0 .4 2 ) ,
perhaps in d ic a t iv e  o f a l in k  between d e fe c t iv e  su p p resso r a c t i v i t y  and 
reduced IL-2 le v e ls .  There was no s ig n i f ic a n t  c o r r e la t io n  between 
CON-A induced su p p resso r a c t i v i t y  fo r  IgG or IgM sy n th e s is  and IL -2 
p ro d u c tio n  in  RA NSAID +EAD nor in  RA NSAID -EAD (d a ta  n o t shown).
F ig . 4 .92  shows th a t  a s ig n i f ic a n t  c o r r e la t io n  ( r  = 0 .5 , p <
0 .0 5 ) was observed between IL-2 and d is e a s e  d u ra tio n  in  RA NSAID,t
su g g es tin g  th a t  p a t ie n ts  w ith  “very  e a r ly  a c t iv e  disease**, i . e .  le s s  
than  2 y e a rs , and “ e a r ly  e s ta b lis h e d  disease**, i . e .  2 to  5 y e a rs , may 
show w orst IL-2 p ro d u c tio n  than p a t ie n ts  w ith  “ lo n g -s ta n d in g  ch ro n ic  
a c t iv e  disease**, i . e .  more than  5 y e a rs . However, comparison o f median 
IL -2 le v e ls  w ith in  th e se  3 a r b i t r a r y  d is e a se  d u ra tio n  d iv is io n s  showed 
no s ig n i f ic a n t  d if f e r e n c e s .
C o rre la tio n s  between IL -2 and c l i n i c a l  in d ic e s  o f d is e a s e  
a c t i v i t y  (RF and EMS) were examined. Not even a  tren d  tow ards a 
c o r r e la t io n  * was observed between IL-2 and RF, th u s  i t  was decided 
th a t  in  a l l  g raphs p a t ie n ts  w ith  and w ithou t RF would be grouped 
to g e th e r . However, fo r  IL -2 and EMS a tre n d  tow ards a n eg a tiv e
FIGURE 4.92 CORRELATIONS BETWEEN I L - 2  AND DD
3.5
2.5 -
r = 0.46; p < 0.05
0.5 -
0 10 20 30 40
DISEASE DURATION (y e a r s )
Median (range) IL-2 production for the 3 disease duration divisions:
A = 0.6 (0.11 - 1.10)
B = 0.8 (0.10 - 1.15)
C = 0.8 (0.01 - 2.91)
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c o r r e la t io n  was observed , a lthough  no t s ig n i f ic a n t  (n  = 6, r  = -0 .6 3 ) .
C o rre la t io n s  between IL-2 and c l i n i c a l  in d ic e s  o f th e  a cu te  phase 
resp o n se  (ESR, CRP, v is c o s i ty ,  WBC, PLTS) were examined, as were 
c o r r e la t io n s  between IL-2 and Hb, IL-2 and serum -SH, and IL -2 and 
p r o l i f e r a t i o n .  No s ig n i f ic a n t  c o r r e la t io n s  were observed , nor were any 
tre n d s  tow ards c o r r e la t io n s  v i s ib le .  The d a ta  fo r  IL -2 v s . serum 
th io l s  ag ree in g  w ith  the  d a ta  showing a la ck  o f e f f e c t  o f PHMPSA and 
^ $ 2  on IL -2  p ro d u c tio n . However, a s ig n i f ic a n t  c o r r e la t io n  was 
observed between IL -2 and age ( r  = 0 .47 , p < 0 .0 5 ) , showing IL -2
le v e ls  ro se  w ith  age (F ig . 4 .9 3 ) .
4 . 2 2 .  EFFECT OF PHMPSA ON CELL SURFACE ANTIGEN EXPRESSION.
.  »
Another p o s s ib le  ex p lan a tio n  fo r  the  in h ib i to r y  e f f e c t  o f PHMPSA 
on p r o l i f e r a t i o n  could be th a t  PHMPSA in h ib i t s  IL -2 re c e p to r  in d u c tio n  
o r i t s  e x p re ss io n , o r perhaps the  ex p ress io n  o f some o th e r  
im m unoregulatory im portan t c e l l  su rface  a n tig e n s , e .g  CD3, CD2, CD4, 
CD8, CDW29 and CD45R.
At p re se n t only  a Mab to  th e  TAC an tig en  o f th e  IL -2 re c e p to r  i s  
a v a i la b le ,  so th e  fo llo w in g  s e r ie s  o f Mabs were u t i l i s e d ,  th e i r  
s p e c i f i c i t y  be ing  d e sc rib ed  in^T able 3 .1 : SOTON T^, SOTON T ^ ,  SOTON 
T4 , SOTON T0 , WR16, WR17, WR18, WR19, HNK-1 SOTON M2 and anti-TAC.
I t  was f i r s t  im portan t to  s ta n d a rd ise  the  f lu o re s c e n t  s ta in in g  
tech n iq u e , to  f in d  th e  op tim al d i lu t io n  of th e  FITC -con.jugate. A 1:20 














IL2 VERSUS AGE IN NSAID PATIENTS
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RECIPROCAL OF FLUOROCHROWE DILUTION 
□  +Mab +  -Mab
* = PROZONE § = PLATEAU
Mab used was WR17. Points represent mean for n = 2 individuals.
Showing that 1:20 is an optimal dilution of FTIC conjugate at the midway 
point of the plateau region.
A 1:20 dilution was found to be optimal for use with all other Mabs.
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Since th e  TAC an tig en  i s  only  exp ressed  on a c t iv a te d  c e l l s ,  e .g . 
on a c t iv a te d  T - c e l ls  [2 2 ], B -c e lls  [2 3 ], mast c e l l s  [2 4 ], CON-A 
induced su p p resso r c e l l s ,  PWM-stimulated h e lp e r and su p p resso r c e l l s  
and c y to to x ic  k i l l e r  c e l l s ,  b u t n o t t h e i r  p re c u rso r  c e l l s  [2 5 ], b u t i s  
n o t expressed  on r e s t in g  T, B, M0, mast c e l l s ,  o r memory T - c e l l s ,  an 
o p tim al c o n ce n tra tio n  o f CON-A o r PHA to  induce TAC ex p ress io n  had to  
be -found. F ig s . 4 .9 5 -4 .9 6  show 10 Mg/ml CON-A and 0.1% v /v  PHA 
re s p e c t iv e ly  to  be o p tim al; F ig s . 4 .9 7 -4 .9 9  show ty p ic a l  f lu o resc en c e  
observed u s in g  anti-TAC Mab.
The k in e t ic s  fo r  optimum ex p ress io n  o f th e  TAC an tig en  had to  be 
found and f i g .  4 .81  shows th a t  a 72 hours c u l tu re  i s  o p tim a l,, le v e ls  
f a l l i n g  d ra m a tic a lly  e i th e r  s id e s  of t h i s  v a lu e . There was a 10 to  12 
fo ld  in c re a se  in  TAC p o s i t iv e  c e l l s  w ith in  th e  f i r s t  24 hours fo r  PHA 
and CON-A and an ex p o n en tia l r i s e  in  c e l l s  ex p re ss in g  th e  a n tig e n  from 
24 to  72 hours; however, m itogen s tim u la te d  TAC an tig en  ex p ress io n  i s  
t r a n s ie n t  and by days 10 to  12 in  c u l tu re  80% to  90% o f re c e p to r  
ex p ress io n  had d isap p ea red , a lthough  c e l l  v i a b i l i t i e s  remained g re a te r  
than 95% [26].
Background TAC ex p ress io n  remained low up to  96 hours in  c u l tu re  
and ro se  w ith  tim e u n t i l  by .day  10 i t  was expressed  on approx im ately  
90% of th e  c e l l s .  T h is i s  what i s  happening when c e l l s  a re  “ educa ted” 
by FCS to  ex p ress th e  IL-2 re c e p to r  in  th e  “ educa ted” c e l l  a ssay  [17] 
by causing  GO to  G1 p ro g ress io n  p robab ly  due to  immunogenic and 
b io lo g ic a l ly  a c tiv e  m olecules in th e  FCS. By day 10 th e  p e rcen tag e  of 




















FIG.4 . 9 5  EFFECT OF DIFFERENT DOSES OF CON-A ON SUBSEQUENT EXPRESSION











0 pg/ml CON—A 50 pg/ml CON—A10 pg/ml CON—A5 pg/ml CON—A
17771 MEAN (n -  8 ) 1X~X1 STANDARD ERROR
FIG.4.96 EFFECT OF DIFFERENT DOSES OF PHA ON SUBSEQUENT EXPRESSION 











BKG 0.01 X PHA 0.1 OX PHA
[7X1 MEAN (n -  8 ) XX] STANDARD ERROR
Showing 10 pg/ml Con-A and 0.1% PHA V:V to be optimal for maximal 
CD-25 expression.
Fig.4.97 : BACKGROUND FLUORESCENCE IN ABSENCE OF ANTI-TAC Mab. 
MAGNIFICATION X 400.
u
Fig. 4.98: :FLUORESCENCE IN PRESENCE OF ANTI-TAC. MAGNIF. X 400.
Fig.4.99 : TAC POSITIVE CELLS UNDER HIGH POWER + OIL. 
MAGNIFICATION X 1000.
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th e  TAC ex p ress io n  seen a t  72 hours a f t e r  m itogen s t im u la tio n , because 
whereas th e  l a t t e r  c u l tu re  c o n ta in s  monocytes and macrophages and T 
and B c e l l s ,  on ly  th e  T and B c e l l s  ex p ress  TAC an tig en  a f t e r  mitogen 
s t im u la tio n , b u t when c e l l s  a re  “ educated” to  ex p ress  th e  TAC an tig en  
by FCS a lo n e , by day 10 on ly  T c e l l s  rem ain, so th e  p e rc en ta g e  of 
c e l l s  ex p re ss in g  TAC a n tig e n  r i s e s  (see  ta b le  4 .3 1 ) . Of co u rse  i f  a 
FACS machine was used to  compare th e  d e n s ity  o f TAC ex p re ss io n  on 
c e l l s ,  i t  would p robably  be found th a t  TAC was expressed  more d en se ly  
on mitogen s tim u la te d  c e l l s  than “ educated” c e l l s .
I n i t i a l l y  th e  e f f e c t  o f PHMPSA on TAC ex p ress io n  was in v e s t ig a te d  
u s in g  one d i lu t io n  of th e  Mab (u s u a lly  n e a t ) ,  however, s in c e  i t  could  
be argued th a t  s u b tle  d if f e r e n c e s  between + /“ PHMPSA tre a tm e n t could  
be m issed in  t h i s  way, a l l  f u r th e r  experim ents were c a r r ie d  o u t such 
th a t  TAC a n tig e n  ex p ress io n  was measured u s in g  v a rio u s  d i lu t io n s  o f 
th e  anti-TAC Mab. A ll c e l l s  had to  be g re a te r  than  95% v ia b le  fo r  t h i s  
measurem ent.
F ig s . 4 .1 0 0 -4 .1 0 9  show c le a r ly  th a t  th e  two l in e s  of + / -  PHMPSA 
trea tm en t p a r a l le le d  each o th e r  over a l l  d i lu t io n s  a f  Mabs u sed , i . e .  
n e a t to  1:1000, fo r  a l l  a n tig e n s  in v e s t ig a te d , w ith  no s ig n i f i c a n t  
s h i f t  o f th e  +PHMPSA curve to  the  l e f t ,  which would have been 
in d ic a t iv e  o f an in h ib i t io n  o f an tig en  ex p ress io n  by PHMPSA. Thus, 
an tig en  ex p re ss io n  i s  n o t t h io l  dependent, so t h i s  cannot e x p la in  th e  
in h ib i t io n  o f p r o l i f e r a t i o n  seen .
Also PHMPSA was found n e i th e r  to ' i n h ib i t  TAC in d u c tio n  (F ig . 
4 .110) nor i t s  ex p ress io n  (F ig . 4 .1 1 1 ), depending on w hether c e l l s
TABLE 4 . 3 1
EDUCATED CELL PHENOTYPE EXPRESSED AS PERCENTAGE OF CELLS STAINING 
WITH A PARTICULAR MONOCLONAL ANTIBODY (Mab) IN TWO NORMAL SUBJECTS.
Ma b D A Y  0 D A Y  10
A F T E R  4 D A Y S  
IN C U L T U R E  
W I T H  r - I L - 2  
(10 I U / m l )
A F T E R  4 D A Y S
IN C U L T U R E
W I T H  P H A  (0.17. V / V )
T3 8 0 ’/. 9 37. 9 37. 9 97.
T4 4 8 7. 6 07. - -
TB 317. 4 07. - -
M2 207. 0.57. 0.37. 0 7.
W R 1 6 6 07. 627. - -
WR 17 2 V/. 8 7. 1 7. 0 7.
WR IB 207. 9 47. - -
WR 19 3 37. 467. - -

















F I G .4 . 1 0 0 EFFECT OF PHMPSA TREATMENT ( 5 0  joM) ON CD3 EXPRESSION
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FIG.4.101EFFECT OF PHMPSA TREATMENT (50 pM) ON CD2 EXPRESSION
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F IG .4 .1 0 2  EFFECT OF PHMPSA TREATMENT ( 5 0  jaM) ON CD4 EXPRESSION
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FIG-4.1 0 3  EFFECT OF PHMPSA TREATMENT (50 jiM) ON CD8 EXPRESSION
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FIG.4.106 EFFECT OF PHMPSA TREATMENT (50 jjM) ON EXPRESSION
OF ANTIGEN DETECTED BY WR18
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FIG.4.IO8EFFECT OF PHMPSA TREATMENT (50 pM) ON EXPRESSION OF ANTIGEN
CD 57 MAINLY ON NK CELLS, DETECTED BY HNK-1
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FIG.4.109EFFECT OF PHMPSA TREATMENT (50 pM) ON EXPRESSION OF CD11 











2 .4 2.820 0.8 1.60 .4
LOG OF RECIPROCAL OF S0 T 0 N f t * .
D -PHMPSA +  +PHMPSA


































FIG4 .110 EFFECT OF PRETREATMENT WITH 50 pM PHMPSA ON SUBSEQUENT CD25
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FIG.4 .111EFFECT OF PHMPSA TREATMENT (50 pM) ON CD25 EXPRESSION AFTER 
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were t r e a te d  w ith  PHMPSA p r io r  to  mitogen s tim u la tio n  fo r  1 hour a t  37 
°C ( in d u c tio n  experim ent) o r a f t e r  mitogen s tim u la tio n  ( a c t i v i t y  
ex p erim en t). In  bo th  th e se  experim ents 10 Mg/ml CON-A was used .
In  a la rg e r  s tu d y  using  n ea t anti-TAC, the  same lack  o f e f f e c t  of 
PHMPSA tre a tm e n t on IL-2 re c ep to r in d u c tio n  o r ex p ress io n  were 
observed u s in g  CON-A and PHA s tim u la ted  c e l l s  u s in g  optimum doses of 
th e se  m itogens (F ig s . 4 .1 1 2 -4 .1 1 5 ). S im ila r r e s u l t s  were ob ta in ed  w ith  
suboptim al and superop tim al c o n ce n tra tio n s  of th e se  m itogens (d a ta  n o t 
shown). Even 100 ^M PHMPSA d id  no t a b o lish  TAC in d u c tio n  when c e l l s  
were s tim u la te d  w ith  0.1% v /v  PHA (F ig . 4 .1 1 6 ).
Hence, n e i th e r  an e f f e c t  on immunoregulatory an tig en  ex p ress io n  
nor on th e  in d u c tio n  o r expression  of th e  TAC a n tig e n  can e x p la in  th e  
in h ib i to r y  e f f e c t  o f PHMPSA on p r o l i f e r a t io n  o f PBMNC.
P a r a l l e l  s tu d ie s  were c a r r ie d  ou t to  see  w hether the  
p h y s io lo g ic a l t h io l  o x id iz in g  agent had ^ y  e f f e c t  on TAC
in d u c tio n  o r ex p ress io n  (F ig s . 4 .117-4 .118) u sing  n e a t anti-TAC Mab. 
Again no effect was observed even a t  10 mM and th e  re d u c tio n  in  
f lu o resc en c e  a t  1 mM H2O2 must be d is reg ard ed  s in c e  a  100% c e l l  d ea th  
occurs  he re . S im ila r r e s u l t s  were found u s in g  d i lu t io n s  o f th e  
anti-TAC Mab up to  1:1000 (d a ta  n o t shown).
Since o th e r w orkers suggest th a t  IL-2 i s  im portan t in  su p p re sso r 
c e l l  in d u c tio n  and a c t i v i t y ,  a f a i lu r e  to  express th e  IL -2 re c e p to r 
w ith  re sp e c t to  TAC an tig en  induction  or ex p ress io n  due to  SH blockade 
o r o x id a tio n  p robab ly  cannot ex p la in  the  d e fe c tiv e  CON-A induced 
























FIG.4.112EFFECT OF 50 pM PHMPSA ON SUBSEQUENT CD25 INDUCTION
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FIG4.113 EFFECT OF 50 pM PHMPSA ON SUBSEQUENT CD25 INDUCTION 
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FIG4.114 EFFECT OF PHMPSA TREATMENT (50 p M) ON CD25 EXPRESSION (DETECTED
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FIG.4.115EFFECT OF PHMPSA TREATMENT (50 jlM) ON CD25 EXPRESSION (DETECTED 
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FIG4.116 EFFECT OF 100 jjM PHMPSA ON SUBSEQUENT CD25 INDUCTION
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FIG.4.11 “EFFECT OF LEAVING H O  IN A 72 HR CULTURE
2 ' 2
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FIG. 4.118 EFFECT OF H 0 ON EXPRESSION OF CD252 2
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However, t h i s  o f cou rse  t e l l s  us noth ing  about th e  e f f e c t  o f PHMPSA on 
th e  ex p ress io n  of th e  fu n c tio n a lly  more re le v a n t P75 su b u n it o f th e
IL -2 re c e p to r , nor i t s  a b i l i t y  to  transduce  s ig n a ls ,  b o th  o f which 
could  conce ivab ly  be t h io l  dependent. The P75 su b u n it i s  th e  more 
im portan t component o f th e  high a f f in i t y  IL-2 re c e p to r  s in c e  i t  i s  th e  
p ro te in  th a t  tra n s m its  th e  s ig n a l in to  th e  c e l l  in  co o p era tio n  w ith  
th e  TAC an tig en  when a sso c ia te d  w ith i t  in  the  high a f f i n i t y  re c e p to r  
and i t  can fu n c tio n  a lone  as the  in te rm ed ia te  a f f i n i t y  re c e p to r . The 
in te rm e d ia te  a f f i n i t y  re c e p to r  i s  a lre ad y  expressed  on c e l l s  p r io r  to  
mitogen s t im u la tio n .
4 . 2 3 .  EFFECT OF PHMPSA ON ABILITY OF “ EDUCATED” CELLS 
TO PROLIFERATE WITH r I L - 2 .
S ince i t  i s  a lso  p o ssib le , to  exp lain  the  in h ib i to r y  e f f e c t  o f 
PHMPSA on m itogen s tim u la te d  p r o l i f e r a t io n  as due to  in h ib i t io n  o f 
h igh  a f f i n i t y  IL -2 re c e p to r  form ation , s ig n a l tra n sd u c tio n  from th e  
IL -2 re c e p to r  in to  th e  c e l l s ,  or in h ib i t io n  of IL-2 b in d in g  to  i t s  
r e c e p to r , system s fo r  in v e s t ig a t in g  th ese  p o s s i b i l i t i e s  were d ev ised .
“Educated” c e l l s ,  ex p ress in g  the high a f in i t y  IL -2 re c e p to r ,
which can su b seq u en tly  p r o l i f e r a t e  when rIL -2  or IL -2 c o n ta in in g
s u p e rn a ta n ts  a re  added, causing  p ro g ression  through th e  c e l l  cy c le
from G1 —> S —> G2 —» M [1 7 ,1 7 a], o f fe rs  a system fo r  in v e s t ig a t in g  
th e se  p o s s i b i l i t i e s .
- 50 mM and 100 mM PHMPSA were l e f t  fo r  10 days in  a c u l tu re  medium 
w ith  th e  c e l l s  be ing  “ ed u ca ted ” to  see th e i r  e f f e c t  on in d u c tio n  of
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“ ed u ca ted ” c e l l s  as assessed  by th e i r  subsequent a b i l i t y  to  
p r o l i f e r a t e  in  response  to  rIL -2 . Table 4 .32  shows r e s u l t s  expressed  
as mean r e l a t i v e  p e rc en t p r o l i f e r a t io n  r e l a t i v e  to  c u l tu re s  w ithou t 
PHMPSA tre a tm e n t. In h ib i t io n  was observed th roughou t th e  range o f 
rIL -2  c o n c e n tra tio n s  known to  s tim u la te  th e  h igh  and in te rm e d ia te  
re c e p to r s ,  b u t i t  was thought th a t  t h i s  methodology could  be 
c r i t i c i s e d  s in c e  i t  could be argued th a t  th e  in h ib i t io n  seen was due 
to  an e f f e c t  o f PHMPSA on components in  th e  medium and n o t a  d i r e c t  
e f f e c t  on s ig n a l  tra n sd u c tio n  or IL-2 b in d in g , o r high a f f i n i t y  
re c e p to r  fo rm ation .
In t e s t in g  th e  e f f e c t  of PHMPSA on th e  a c t i v i t y  o f “ ed uca ted” 
c e l l s  which a lre a d y  ex p ress  th e  high a f f i n i t y  IL-2 re c e p to r , in c reased  
su p p ress io n  o f p r o l i f e r a t i o n  of th e  “ educated” c e l l s  was observed when 
50 mM PHMPSA was l e f t  in  a 4 days c u ltu re  w ith  “ educa ted” c e l l s  and a 
range o f IL -2 th a t  would s tim u la te  high and in te rm e d ia te  a f f i n i t y  IL -2 
re c e p to r  (T able 4 .3 3 ) .  However, th i s  increased  in h ib i t io n  cou ld  again  
be argued to  be th e  r e s u l t  o f PHMPSA in h ib i t in g  components in  the  
medium to g e th e r w ith  p o ss ib ly  in h ib i t in g  IL -2 b in d in g  to  i t s  re c e p to r  
o r s ig n a l  tra n sd u c tio n .
To overcome th e se  c r i t ic i s m s ,  in s tead  of le av in g  PHMPSA in  th e  10 
days c u l tu re ,  PBMNC were t r e a te d  w ith PHMPSA and then  i t  was washed
o f f ,  p r io r  to  th e  c e l l s  being  “ educated” , to  t e s t  fo r  an e f f e c t  on
“ in d u c tio n ” o f “ ed uca ted” c e l l s .  In stead  of le av in g  PHMPSA in  a 4 days
c u l tu re  a f t e r  “ educated” c e l l s  were made, “ ed u ca ted ” c e l l s  were
p o s t - t r e a te d  w ith  PHMPSA which was then washed o f f ,  p r io r  to  th e  c e l l s  
be ing  s e t  up to  p r o l i f e r a t e  in  response to  a range of rIL -2  known to
TABLE 4 .3 2
EFFECT OF LEAVING PHMPSA IN WITH CELLS BEING "EDUCATED” THROUGHOUT THEIR 
10 DAY CULTURE PERIOD ON THEIR SUBSEQUENT ABILITY TO PROLIFERATE IN 
RESPONSE TO r - I L - E .  RESULTS ARE EXPRESSED AS MEAN RELATIVE 7. PROLIFERATION 
RELATIVE TO CULTURE WITHOUT PHMPSA IN 6 NORMAL SUBJECTS.
Cr-IL-23 (IU/ml) 50 jjM PHMPSA 100 .^M PHMPSA
1000 -  907. -  1007.
3 0 0  -  707. -  1007.
100 - - 1007.
50 - 707.
10 -  7A7. -  1007.
3 -  737. -  1007.
1 - 5A7.
0 . 3  -  667. -  1007.
0. I - 7A7.
0 .0 3  -  777.
0.01 - 607.
0 .0 0 3  -  997.
0.001 - 70X
TABLE 4 .3 3
EFFECT OF LEAVING 50  piM PHMPSA IN WITH A DAY CULTURES OF "EDUCATED" CELLS 
♦ r  - I L - 2 .  RESULTS ARE EXPRESSED AS MEAN RELATIVE 7. PROLIFERATION RELATIVE 
TO CULTURE IN THE ABSENCE OF PHMPSA IN THREE NORMAL SUBJECTS.
Cr-IL-21 (IU/ml) RELATIVE 7. PROLIFERATION
1000 - 977.
500 -  997.
100 -  057.






be a b le  to  s t im u la te  h igh  and in te rm ed ia te  IL-2 re c e p to rs  in  o rd e r to  
t e s t  th e  e f f e c t  o f PHMPSA on th e  exp ress io n  o f "ed u ca ted ” c e l l  
" a c t i v i t y ” .
The r e s u l ta n t  d a ta  can be shown in  th re e  ways, which a re  
i l l u s t r a t e d  in  r e la t io n  to  r e s u l t s  o b ta ined  from the  v a rio u s  
experim ents:
The f i r s t  way i s  to  show average CPM fo r  a l l  d a ta  - /+  PHMPSA, fo r
a l l  in d iv id u a ls ,  however t h i s  becomes m eaningless due to  th e  enormous
in d iv id u a l v a r ia t io n  in  CPM seen fo r  s im ila r  c o n c e n tra tio n s  o f rIL -2 . 
The on ly  way to  overcome t h i s  i s  to  show in d iv id u a l d a ta  fo r
in d iv id u a l s u b je c ts ,  b u t t h i s  would be la b o rio u s , so one in d iv id u a l
has been shown to  g iv e  an example o f the  d a ta  o b ta in ed  a f t e r  
p o s t- tre a tm e n t o f "ed u ca ted ” c e l l s  w ith 50 mM PHMPSA (F ig . 4 .1 1 9 ), 
showing su p p ress io n  o f p r o l i f e r a t io n  over th e  a l l  range o f rIL -2
c o n c e n tra tio n s  from 0.01 to  1000 IU/ml.
A second approach i s  to  ex p ress  the d a ta  as p e rcen tag e  o f maximum 
counts in  th e  non-PHMPSA tre a te d  c e l l s  per in d iv id u a l and then
g ra p h ic a lly  re p re se n t th e  average o f th ese  va lu es  fo r  a l l  in d iv id u a l
s tu d ie s  as  two l in e s  in  one graph, as shown in f ig .  4 .120 , d e p ic t in g  
th e  e f f e c t  o f p o s t- tre a tm e n t o f "ed u ca ted ” c e l l s  on subsequent a b i l i t y  
to  p r o l i f e r a t e  to  a range o f rIL -2  c o n c e n tra tio n s . T h is method <of 
showing th e  d a ta  c le a r ly  shows su pp ression  th roughout the  range 0 .01  
to  1000 IU/ml rIL -2 , which cannot be an a r te f a c tu a l  e f f e c t  o f PHMPSA 
on medium components s in c e  i t  was thouroghly  washed o f f .  However, 
showing th e  d a ta  in  t h i s  way tends to  in d ic a te  th a t  th e re  was more
FIG.4 .1 1 9  EFFECT OF POST-TREATMENT WITH 50 pM PHMPSA ON SUBSEQUENT
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Data show actual CPMs.
At 1000 IU/ml rIL-2 relative % proliferation was -86% after PHMPSA treatment 
At 1 IU/ml rIL-2 relative % proliferation wsa -7 0 %  after PHMPSA treatment 






















FIG. 4.320 EFFECT OF POST-TREATMENT OF EDUCATED CELLS WITH jiM PHMPSA
-THEN WASHED OFF- ON SUBSEQUENT PROLIFERATION IN RESPONSE TO rIL-2
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At 1000 IU/ml rIL-2 mean relative % proliferation was -83% after PHMPSA Rx 
At 1 IU/ml rIL-2 mean relative % proliferation was -91% after PHMPSA Rx 
At 0.001 IU/ml rIL-2 mean relative % proliferation was -57% after PHMPSA Rx.
su p p ress io n  observed u s in g  h igher doses o f rIL -2  than  a t  lower d o ses , 
when in  f a c t  t h i s  was n o t the  case, s in ce  th e  mean r e l a t i v e  p e rc en t 
in h ib i t io n  o f p r o l i f e r a t io n  was found to  be s im ila r  a t  a l l  
c o n c e n tra tio n s  o f rIL -2 .
What i s  o f more im portance i s  th e  a c tu a l  r e l a t i v e  p e rc e n t 
in h ib i t io n  o f p r o l i f e r a t i o n  a t  in d iv id u a l doses o f  th e  recom binant 
IL-2 in  in d iv id u a ls . T h is  th i r d  method of d e p ic t in g  th e  d a ta  r e s u l t s  
in  th e  ex p ress io n  o f th e  d a ta  as one l in e  on a g raph . T h is method was 
used to  d e p ic t  th e  d a ta  ob ta ined  when th e  c e l l s  were p re tre a te d  w ith  
PHMPSA p r io r  to  be ing  “ educated ’* (F ig . 4 .1 2 1 ). I t  shows more c le a r ly  
th a t  th e re  i s  in  f a c t  equal suppression  a t  a l l  doses o f rIL -2  used (a s  
was seen fo r  p o s t- tre a tm e n t to o ) . The d a ta  fo r  50 mM PHMPSA i s  more 
m eaningful s in c e  i t  re p re se n ts  the  average d a ta  from 26 norm als as 
opposed to  much fewer d a ta  fo r  th e  o th er two c o n ce n tra tio n s , o f PHMPSA 
used . What i t  does show, however, is  a dose response  e f f e c t  to  PHMPSA, 
i . e .  le s s  su p p ress io n  a t  15 pM PHMPSA and more a t  100 mM compared to  
50 mM PHMPSA.
The phenotype o f th e  c e l l s  being “ educated” over a 10 days p e riod
»
shown in  ta b le  4 .31  c le a r ly  shows the p e rcen tag e  o f T c e l l s  to  
+ +in c re a se  (b o th  CD  ^ and CDg in c rease  as do c e l l s  in te r a c t in g  w ith  WR16
and WR19); however th e  p ercen tage  of monocytes and B c e l l s  f a l l
d ra m a tic a lly . Dram atic in c re a se s  in TAC and DR a n tig e n  ex p re ss io n  a re
observed in d ic a t iv e  o f T c e l l  a c t iv a t io n  by FCS in  th e  medium. Four
days a f t e r  c u l tu re  w ith  rIL -2  the  percen tage  of monocytes and B c e l l s  
f a l l s  fu r th e r  to  th e  e x te n t th a t  only T c e l l s  rem ain. T h is f a l l  i s  
seen to  a g re a te r  e x te n t i f  “ educated” c e l l s  a re  allow ed to
FIG. 4.121 EFFECT OF PRETREATMENT WITH PHMPSA (15, 50, 100 joM) 
ON INDUCTION OF EDUCATED CELLS, AS ASSESSED BY THEIR
SUBSEQUENT PROLIFERATION IN RESPONSE TO rIL-2
- 1 0  -
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□ P(n -  2) + .Sa jjM P (n -  26) o 100 pM P (n -  3)
Increasing concentrations of PHMPSA caused increased suppression of
educated cells induction, and this was observed to approximately
the same extent following 50 pM PHMPSA pretreatment for all the 
rIL-2 concentrations used.
SEM were o.mitted for clarity.
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p r o l i f e r a t e  in  response  to  the  mitogen PHA in s te ad  o f rIL -2 .
Looking a t  th e  phenotype of the “educated** c e l l s  b e fo re  and a f t e r  
th e  p re tre a tm e n t w ith  50 mM PHMPSA (Table 4 .3 4 ) , s im ila r  r e s u l t s  a re  
o b ta in ed  as  seen in  th e  f lu o re s c e n t s tudy , i . e .  PHMPSA had no e f f e c t  
on th e  pe rcen tag e  o f c e l l s  exp ressin g  CD3, CD4, CD8, CD llb, CDW29, 
CD37, HLA-DR a n tig e n , CD45R and CD25 an tig en .
S im ila r r e s u l t s  were ob ta ined  i f  PHMPSA was l e f t  in  th e  10 days 
c u l tu re  p e rio d  (d a ta  n o t shown).
Experim ents were c a r r ie d  out to  see  i f  th e  p h y s io lo g ic a l 
o x id iz in g  agen t ^<£>2 those r e s u l t s  observed w ith  PHMPSA. I t
was considered  more a p p ro p ria te  to  leave H2O2 in  th e  10 day c u l tu re  
p e rio d  w h ils t  c e l l s  were being  “ educated** to  ex p ress  th e  IL-2 
re c e p to r , s in c e  t h i s  i s  more ak in  to  th e  s i tu a t io n  in  RA NSAID. Again, 
as in  th e  f lu o re s c e n t  s tu d y , no in h ib it io n  o f TAC in d u c tio n  was 
observed , on ly  a t  10 mM H2O2 and beyond, a t  which p o in t  50% of th e  
c e l l s  a re  dead and 100% of th e  c e l l s  a re  dead r e s p e c t iv e ly  (T ab le  
4 .3 5 ) .
The r e s u l t s  from th e  “ educated** assay  could be in te rp re te d  in  
s e v e ra l  ways;
1) in h ib i t io n  o f p r o l i f e r a t io n  in experim ents to  show th e  e f f e c t  
o f PHMPSA on th e  “ activ ity**  o f “ educated** c e l l s  a f t e r  th e  IL -2 
re c e p to r  has been formed, could  mean th a t  rIL -2  b in d in g  to  th e  
re c e p to r  i s  in h ib ite d  by PHMPSA, or PHMPSA in h ib i t s  s ig n a l  
tra n s d u c tio n ;
2) in h ib i t io n  o f p r o l i f e r a t io n  in experim ents to  show th e  e f f e c t
TABLE 4 . 3 4
EFFECT OF PRETREATMENT WITH/WITHOUT 50^ M PHMPSA ON RESULTING 
PHENOTYPE OF EDUCATED CELLS AT DAY 10. RESULTS ARE EXPRESSED AS 
PERCENTAGE OF CELLS STAINING WITH A PARTICULAR Mab (MEAN FROM TWO 
NORMAL SUBJECTS).







WR18 9 A*/. 93*/.
WR19 A6*/. A 3*/.
TAC 95*/. 9 A*/.
TABLE 4.35
EFFECT OF LEAVING HgOg IN 10 DAY CULTURE ON IL-2R 
EXPRESSION ON EDUCATED CELLS BY DAY 10.
± HgOg <^ M) 0 1 10 50
'/. POSITIVE CELLS 
STAINING WITH 
DAK0-IL-2R Mab
95 93 30 0
*/. CELL VIABILITY 
AT DAY 10
95 95 AO 0
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of PHMPSA on th e  “ induction** of “ educated“ c e l l s  b e fo re  th e  IL -2 
re c e p to r  has been formed, could mean th a t  PHMPSA b lo ck s  im portan t 
t h i o l  groups o n ,th e  P75 p ro te in  necessary  fo r  i t s  in te r a c t io n  w ith  th e  
TAC an tig en  fo r  form ing the high a f f in i t y  IL-2 re c e p to r , i f  th e  l a t t e r  
i s  a  d isu lp h id e  lin k ed  heterod im er. This co n d itio n  would th e re fo re  be 
analogous to  th a t  o f th e  d isu lp h id e  linked  h e tero d im eric  s t r u c tu r e  o f 
CD6-CD8 dim er on immature thymocyte, or the  Ti an tig en  o f th e  T - c e l l  
re c e p to r  [27] and s im ila r  to  homodimers such as th e  CD8 a n tig e n  [28] 
and CD28 an tig en  [29] which i s  revealed  under reducing  c o n d itio n s  
(a d d itio n  o f 2-ME) in  SDS e le c tro p h o re s is . In tram o lec u la r  d isu lp h id e  
b rid g e s  (c y s te in y l  re s id u e s )  have been proposed to  be im p o rtan t in  th e  
membrane o rg a n is a tio n , s t r u c tu r e ,  fu n c tio n  and a c t iv a t io n  o f many c e l l  
s u rfa c e  re c e p to rs  coupled to  t h e i r  e f fe c to r  system  v ia  G p ro te in s  
( e .g .  mammalian and 0 2 ad renerg ic  re c e p to rs ; h e p a tic  glucagon 
re c e p to r s ;  o p ia te  re c e p to rs ;  IL-2 (TAC Ag), IL -3 , LH/hCG re c e p to r s  
[3 0 ] ) . A d isu lp h id e  bond, bu t n o t SH groups, seems to  be im portan t in  
th e  fu n c tio n  of th e  C3bi re c e p to r (CD11) fo r  EA r o s e t te  fo rm ation  and 
immune adherence [3 1 ]. I f  the  high a f f in i t y  IL-2 re c e p to r  i s  n o t 
d isu lp h id e  l i n k e d ,  th e  form er two arguments in 1) could s t i l l  be 
ap p lied  here . F u rth e r experim ents were designed to  c l a r i f y  which o f 
th e se  views i s  c o r re c t .
4 . 2 4 .  EFFECT OF PHMPSA ON ABILITY OF r I L - 2  
TO BIND TO THE IL -2  RECEPTOR.
In  o rd e r to  t e s t  whether PHMPSA in h ib i ts  rIL -2  b in d in g  to  i t s  
re c e p to r , PBMNC were t r e a te d  w ith  10 Mg/ml CON-A fo r  72 hours in  o rd er
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to  induce th e  high a f f i n i t y  rIL -2  re c e p to r , c e l l s  were then harv ested  
and t r e a te d  fo r  1 hour a t  37 °C w ith /w ithou t 50 mM PHMPSA and then 
washed and incubated  w ith  1 fjg/m l rIL -2  (a  c o n c e n tra tio n  which should 
be s u f f i c i e n t  to  bind a l l  IL -2 re c ep to rs  p re s e n t) .  The c e l l s  were 
washed and then  t r e a te d  w ith  a range of d i lu t io n s  o f anti-TAC from 
n e a t to  1:1000 d i lu t io n s ,  so th a t  any s u b tle  d if f e r e n c e s  fo llo w in g  
PHMPSA tre a tm e n t would n o t be m issed.
However, th e  experim ent had to  be abandoned owing to  th e  f a c t  th a t  
rIL -2  was found n o t to  b lock  anti-TAC b ind ing  (F ig . 4 .1 2 2 ) , even a t  
doses as h igh  as  10 Mg/ml. I t  could be th a t  excess anti-CD25 Mab was 
used w ith  re s p e c t to  rIL -2 , d e s p ite  the  evidence th a t  th e  low a f f i n i t y  
re c e p to r  has a f o r ty - f o ld  g re a te r  a f f i n i t y  fo r  IL-2 than anti-CD25 
[3 2 a ], and th e  high a f f i n i t y  re cep to r has a th o u san d -fo ld  g re a te r  
a f f i n i t y  fo r  IL -2 (kd 10~12 M) [32b] than anti-CD25 (kd 10~9 M) [3 2 c ], 
th u s  fav o u rin g  IL-2 b in d in g . (T herefore  one would need c o n sid e ra b ly  
excess anti-CD25 to  p rev en t com petition  w ith  r IL -2 ) . However, a more 
l ik e ly  e x p lan a tio n  i s  th a t  anti-CD25 b inds to  a  s l i g h t l y  d i f f e r e n t  
ep ito p e  on th e  IL-2 re c e p to r  than IL-2. This i s  n o t s u rp r is in g  in  view 
o f the  f a c t  th a t  th e  l i t e r a t u r e  regard ing  the  DAK0 anti-TAC s t a t e s  
“ DAKO an ti-IL -2 R  b inds to  th e  IL-2R w ithout in h ib i t in g  i t s  function**, 
and in  f a c t  th e  v a s t  m a jo rity  o f com m ercially a v a ila b le  anti-TAC Mabs 
a re  s a id  n o t to  in te r f e r e  w ith  IL-2 b ind ing  to  i t s  re c e p to r , w ith  th e  
ex cep tio n  of Becton D ic k in so n 's  anti-TAC Mab, fo r  which i t  i s  s ta te d  
th a t  “ rIL -2  b locks b in d in g  o f an ti-IL -2R  to  PHA a c tiv a te d  T c e l l s ” . 
D ata fo r  t h i s  s ta tem en t was su p p lied  to  th i s  company by Dr. Steven 
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Showing rIL-2 did not inhibit anti-TAC binding.
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ra d io  la b e l led  2A3 ( th e  an tib o d y ), w ill  in h ib i t  b in d in g  to  70% a t  100 
nM IL -2 . However, a t  such high co n cen tra tio n s  of rIL -2  one could  argue 
th a t  th e  e f f e c t  i s  n o t s p e c i f ic .
I f  tim e had p e rm itte d , experim ents would have been rep ea ted  u s in g
t h i s  Mab, which was n o t a v a ila b le  a t  the  tim e. L ikew ise, ano ther
0
au th o r found p u r i f ie d  IL-2 in high co n cen tra tio n  -  > 125 ng/10 c e l l s
g
-  blocked b in d in g  to  > 85%, r i s in g  to  90% using  500 ng/10 c e l l s ,  of 
r a d io la b e l le d  IgG2a su b c la ss  anti-TAC (made by th e  method o f Uchiyama
t 0
[2 2 ]) to  PHA lym phoblasts; however low c o n c e n tra tio n s  -  < 20 ng/10
c e l l s  -  had very  l i t t l e  e f f e c t  [33]. I t  has a lso  been s ta te d  in  th e  
l i t e r a t u r e  th a t  some anti-TAC Mabs th a t  can b lock  p r o l i f e r a t i o n  in  
response  to  added rIL -2 , can s t i l l  bind to  the  ft chain  of th e  IL -2 R 
a f t e r  rIL -2  has been bound, e .g . s a tu ra b le  le v e ls  o f IL -2 f a i le d  to  
i n h ib i t  ART 18 (a  Mab s a id  to  d e te c t  r a t  TAC Ag) b in d in g , s a id  to  be 
because d i f f e r e n t  b in d in g  s i t e s  fo r IL-2 and ART Mab on the same u n i t  
s t r u c tu r e  o f th e  c e l l  a re  used. The au thors of th i s  paper su g g es t th a t  
Mabs th a t  b lock  th e  fu n c tio n  o f the  IL-2 R -  i . e .  b lo ck  IL -2 b ind ing  
and c a p a c ity  to  p r o l i f e r a t e  in  response to  rIL -2  -  do n o t n e c e s s a r i ly  
have to  bind to  the  re c e p to r  i t s e l f ,  e .g . they could  bind  to  ano ther 
T -lym phoblast s p e c i f ic  a n tig e n ic  determ inan t, and in d i r e c t ly  a f f e c t  
th e  IL-2 R by -  fo r  in s ta n ce  -  co -patch ing  and e lim in a tin g  th e  
re c e p to r  from th e  c e l l  su rfa ce  [34].
A d i f f e r e n t '  approach was th e re fo re  adopted to  answer the  
q u e s tio n : does PHMPSA tre a tm e n t in h ib i t  IL-2 b ind ing  to  i t s  re c e p to r?  
T h is  work was c a r r ie d  ou t in  c o lla b o ra tio n  w ith Mr. S teve Su in  the  
immunology departm ent a t  Glaxo, where we s tu d ied  th e  e f f e c t  o f PHMPSA
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tre a tm e n t on th e  a b i l i t y  of HuT 102/B2 c e l l s  to  bind rIL -2 . HuT 102/B2
c e l l s  a re  u nusual, s in c e  most long term T and B c e l l  l in e s  of
n e o p la s t ic  and normal o r ig in s  do n o t express re c e p to rs  fo r  IL -2 , as
assessed  by t h e i r  a b i l i t y  to  bind ra d io la b e lle d  IL-2 [35 ]. T h is c e l l
l in e  was used s in ce  i t  i s  a human T-lymphoma l in e  e s ta b lis h e d  from a
p a t ie n t  w ith  cutaneous T - c e l l  lymphoma, b earin g  a h igh  d e n s i ty  o f high
a f f i n i t y  IL -2 re c e p to rs  and producing IL-2 [36 ]. I n i t i a l l y  experim ents
were c a r r ie d  ou t to  i l l u s t r a t e  th e  s p e c i f ic i ty  o f th e  b in d in g  of 
125I- IL -2  to  i t s  re c e p to r  by showing th a t  in c re a s in g  c o n c e n tra tio n s  of 
co ld  rIL -2  could b lo ck  th i s  b ind ing  (F ig  4 . 123).
Experim ents were c a r r ie d  ou t to  show th a t  th e  re c e p to r  was
s p e c i f ic  fo r  rIL -2  s in c e  n e i th e r  cold  t r a n s f e r r in ,  nor co ld  rIL -1 , but
125on ly  co ld  rIL -2  could b lock  th e  b ind ing  o f I - IL -2  to  i t s  re c e p to r  
(F ig . 4 .1 2 4 ).
The r e s u l t s  o f th e  e f f e c t  o f 1 hour p re in cu b a tio n  w ith  50 jjM
125PHMPSA on subsequent a b i l i t y  o f HuT c e l l s  to  b ind  I - IL -2  a re  
i l l u s t r a t e d  in  ta b le  4 .3 6 , showing th a t  the  average r e l a t i v e  p e rc en t 
p r o l i f e r a t i o n  was -32% fo r  3 experim ents; however th e  d a ta  were very  
v a r ia b le  and most su p p ress io n  was obtained  in experim ent 2 u s in g  an 
o ld  la b e l .  I t  i s  co nce ivab le  th a t  the  la b e lle d  IL-2 used in  experim ent 
2 had in  some way become denatu red  or chem ically  u n s ta b le  and l o s t  a 
s ig n i f ic a n t  amount o f io d in e  la b e l (s in c e  iod ine  la b e l le d  compounds 
a re  known to  be more u n s ta b le  than compounds la b e l le d  w ith  o th e r -  
ra d io a c tiv e  is o to p e s ) , a p a r t  from the  f a c t  th a t  CPM's were lower u sin g  
th i s  b a tch  o f IL-2 due to  th e  sh o r t  h a l f - l i f e  o f ^ ^ I - I L - 2 .  A ll th e se  
























FIG. 4.123 INCREASING INHIBITION OF I-IL-2 BINDING TO HuT CELLS 
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Showing only cold rIL-2 significantly inhibits binding. Cold transferrin
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(TF) or cold rIL-1 show no significant effect on subsequent I-IL-2 
binding.
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experim ents 1 o r 3. The ta b le  a lso  shows th a t  rIL -2  s u b s ta n t ia l ly  
in h ib i t s  subsequent b ind ing  o f hot rIL -2 , in d ic a t in g  th a t  th e  la b e l 
b in d s  s p e c i f ic a l ly  to  th e  IL-2 re c e p to r . Not s u rp r is in g ly  in  view of 
i t s  seeming a b i l i t y  to  in h ib i t  re c e p to r  b in d in g  o f th e  ho t lig an d , 
PHMPSA a lso  in h ib ite d  b ind ing  o f co ld  rIL -2 ; and in  f a c t  in  the  
p resence  o f co ld  o r ho t rIL -2 , b in d in g  was s l i g h t ly  more depressed  
than  in  th e  absence of rIL -2 .
Work i s  be ing  continued  a t  Glaxo, to  see  i f  by in c re a s in g  th e
number o f experim ents a  c le a r e r  answer i s  oba ta ined  and a lso  whether
s im ila r  r e s u l t s  a re  ob ta ined  w ith  ano ther c e l l  l in e  IARC 301 and a lso  
more r e le v a n t ly  u sin g  normal human c e l l s ,  s in c e  i t  i s  assumed -  but 
no t known fo r  c e r ta in  -  th a t  th e  high a f f i n i t y  re c e p to r  on c e l l  l in e s  
and normal PBMNC a re  in  f a c t  id e n t ic a l  and behave id e n t ic a l ly .
t
C e r ta in ly  th e  TAC Ag i s  sm a lle r  on the  HuT c e l l s  -  47-50 kda (P50)
[32c] -  compared to  th e  human TAC Ag -  52-57 kda (P55) [38-39] -  ,
p robab ly  due to  d i f f e r e n t  p o s t - t r a n s la t io n a l  p ro c e ss in g  o f the  ft 
c h a in .
In th e  l ig h t  of th e se  r e s u l t s ,  i t  would sug g est th a t  in h ib i t io n  
o f rIL -2  b in d in g  to  i t s  re c e p to r  could account fo r  .some of the  
in h ib i t io n  o f p r o l i f e r a t io n  seen a f t e r  PHMPSA trea tm en t o f PBMNC and 
p a r t ly  why “ educated** c e l l s  f a i le d  to  p r o l i f e r a te  to  rIL -2  a f t e r  p re  
o r p o s t- tre a tm e n t e tc .  w ith  PHMPSA. However, in no HuT experim ent was 
com plete in h ib i t io n  of b in d in g  seen , the  maximum in h ib i t io n  being  
-56%, whereas in  p r o l i f e r a t io n  experim ents a t  the  same c o n ce n tra tio n  
o f PHMPSA (50 mM) 70% to  80% in h ib i t io n  was seen . I t  i s  n o t known 
w hether t h i s  amount of red u c tio n  in IL-2 b ind ing  could account fo r  the'
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alm ost o b l i t e r a t io n  of p ro l i f e r a t io n  observed; the in h ib i t io n  of 
b in d in g  o f rIL -2  to  i t s  re c e p to r  could conceivably  be because PHMPSA 
b lo ck s  im portan t f r e e  SH groups in the a c tiv e  s i t e s  o f th e  high 
a f f i n i t y  re c e p to r .
These r e s u l t s  s t i l l  leave  open the idea th a t  th e  main reason  fo r  
in h ib i t io n  o f p r o l i f e r a t i o n  and in h ib it io n  of “ educated” c e l l s  to 
respond to  rIL -2  a f t e r  PHMPSA trea tm en t is  due to  an in h ib i t io n  of 
s ig n a l  tra n s d u c tio n . A lte rn a tiv e ly  PHMPSA trea tm en t b e fo re  mitogen 
s tim u la tio n , o r b e fo re  “ ed u ca tio n ” of c e l l s ,  could in  some way p rev en t 
h igh  a f f i n i t y  re c e p to r  form ation  w ithout in h ib i t in g  TAC in d u c tio n . 
These id eas  a re  fu r th e r  d iscu ssed  in the fo llow ing  d isc u ss io n  c h a p te r .
4 . 2 5 .  EFFECT OF PHMPSA OH SUPERQXIDE PRODUCTION 
FROM NEUTROPHILS.
In the  l ig h t  of th e  r e s u l t s  from the HuT experim ents, th a t  show a 
p o s s ib le  in h ib i t io n  of rIL -2  b ind ing  to  i t s  re c e p to r  a f t e r  PHMPSA 
tre a tm e n t, in  ano ther c e l l  system - namely n e u tro p h ils  -  and u s in g  two 
s t im u li  [one a re c e p to r  m ediated s tim ulus (FMLP) [4 0 ], th e  o th e r  a
n o n -rec ep to r m ediated s tim u lu s  (PMA)], a t  t h e i r  optim al c o n c e n tra tio n s
“8shown p re v io u s ly  to  be 5 x 10 M and 10 ng/ml re s p e c t iv e ly  (F ig s .
4 .1 2 5 -4 .1 2 6 ), in  o rd e r to  in v e s t ig a te  superoxide p ro d u c tio n  (T able
4 .3 7 ) , i t  was found th a t  only  recep to r mediated superox ide p ro d u c tio n  
was PHMPSA s e n s i t iv e  (T able 4 .4 0 ) , s im ila r ly  to  the  f in d in g  in  th e  HuT 
experim ent. C e ll v i a b i l i t y  was found to be u n a ffec ted  by 50 mM PHMPSA
tre a tm en t ( ta b le  4 .3 8 ) and ta b le s  4.39 and 4.40 show th a t  a 60 m inutes













FIG.4.125 DOSE-RESPONSE CURVE FOR FMLP (10 -10 M) 
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Optimal conc. was 5 x-10 - 5 x 10 . 5 x 10 was chosen for all experiments
FIG. 4.326 DOSE-RESPONSE FOR PMA (0.5 - 1000 ng/ml) 
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Optimal conc. was in the range 10-20 ng/ml. 10 ng/ml was chosen 
for all subsequent experiments.
TABLE 4 .3 7
EFFECT OF 2 DIFFERENT STIMULI ON SUPEROXIDE PRODUCT I ON FROM 
NEUTROPHILS. RESULTS ARE EXPRESSED AS nmol CYTOCHROME-C REDUCED OVER 
A 10-MIN. PERIOD <x ± 1 SD IN THREE NORMAL SUBJECTS).
UNSTIMULATED PMA-STIMULATED FMLP-ST1MULATED
-8
lOng/ml S x 10 M
1.9 ± 10.6 15.9 t 5.<» 12.2 J: 6.9
TABLE 4.38
NEUTROPHILS VIABILITY STUDIES AFTER VARIOUS TREATMENTS. RESULTS ARE 
EXPRESSED AS ’/. CELL VIABILITY.
AFTER PERCOLL SEPARATION...................... * 997.
60* AT 37 *C IN ABSENCE PHMPSA................=97*/.
30* AT 37 *C IN PRESENCE OF 50 pM PHMPSA * 97*/.
60' AT 37 *C IN PRESENCE OF 50 pM PHMPSA * 977.
TABLE 4 .3 9
EFFECT OF PRETREATMENT WITH 50 ,uM PHMPSA AT 37 “C FOR 30' AND THEN WASHED 
OFF, ON ABILITY OF NEUTROPHILS TO BE SUBSEQUENTLY STIMULATED WITH 2 
DIFFERENT STIMULI. RESULTS ARE EXPRESSED AS nmol CYTOCHROME-C REDUCED OVER 
A 10 MIN. PERIOD (x ± 1 SD IN TWO NORMAL SUBJECTS, MS = NOT SIGNIFICANT BY 
PAIRED STUDENT'S T-TEST).
UNSTIMULATED PMA-STIMULATED FMLP-STIMULATED
NO PHMPSA 0.00 ± 0.00
+ PHMPSA 0.13 ± 0. 19
21.25 ± 4.17 1
18.25 ± 0.72
NS
8 . 7 4  ± 0 . 7 0  
9.39 ± 2.06
NS






EFFECT OF PRETREATMENT WITH 50 fJH PHMPSA AT 37 °C FOR 60 MIN. AND 
THEN WASHED OFF, ON ABILITY OF NEUTROPHILS TO BE SUBSEQUENTLY 
STIMULATED BY TWO DIFFERENT STIMULI. RESULTS ARE EXPRESSED AS nmol 
CYTOCHROME-C REDUCED OVER A 10-MIN. PERIOD <x ± 1 SD IN THREE NORMAL 





















e f f e c t  s in c e  a  30 m inute in cu b atio n  time was too s h o r t .  I t  • i s  nob 
known whether th e  f a i l u r e  fo r  FMLP to  s tim u la te  c e l l s  a f t e r  PHMPSA 
tre a tm e n t was due to  in h ib i t io n  of FMLP re c e p to r  b ind ing  as in  th e  HuT 
experim ent, o r a f a i l u r e  to  tran sd u ce  a s ig n a l as i s  proposed to  be 
th e  major cause o f f a i l u r e  to  p r o l i f e r a te  in th e  rIL -2  s tim u la te d  
“ educated** c e l l s  and mitogen s tim u la ted  PBMNC assay s .
The d a ta  fo r  th e  p r o l i f e r a t io n  experim ents, “ educated** c e l l s  
experim en ts, and HuT experim ents can be used to  shed l i g h t  on 
in te r p r e ta t io n  about th e  CON-A induced supp resso r assay  d a ta  and why 
on ly  “ activ ity**  was s ig n i f ic a n t ly  in h ib ite d  by PHMPSA tre a tm e n t, as 
f u r th e r  expanded in  the  d iscu ss io n  ch ap te r.
t
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CHAPTER 5 . 1  -  DISCUSSION
Normal immune responses a re  c o n tro lle d  by complex in te r a c t io n s  o f 
im m unoregulatory c e l l s  capab le  o f e i th e r  su p p ress io n  (term ed 
su p p re sso r c e l l s )  o r h e lp in g  (term ed helper c e l l s )  o f b o th  humoral and 
c e l l  m ediated immune re sp o n ses. A ll lymphoid c e l l s  (T -, B-,
a d h e r e n t- c e l ls  o f both  th e  polym orphonuclear and monocyte/macrophage 
s e r i e s ,  la rg e  g ra n u la r  lymphocytes and N K -cells) seem to  show the  
c a p a c ity  to  a c t  as h e lp e r  or suppressor c e l l s  under d i f f e r e n t  
c ircu m stan ces  [1 ,2 ] .  S uppressor c e l l s  can e x e r t t h e i r  fu n c tio n  by 
s e v e ra l  mechanisms e i th e r  by a c tin g  d i r e c t ly  on e f f e c to r  c e l l s  of a 
g iven  fu n c tio n , e .g . c y to to x ic  fu n c tio n , Ig  p roduction  o r de layed  type 
h y p e r s e n s i t iv i ty ,  o r a c t in g  on h e lp er T -c e lls  which a re  them selves 
cap ab le  o f in f lu e n c in g  the  e f f e c to r  c e l l s ;  a l t e r n a t iv e ly  t h e i r  e f f e c t s  
may be m ediated by th e  p ro d u c tio n  of so lu b le  re g u la to ry  su b stan ces  
[2 ].
D istu rb an ces  in th e  ba lance  between e f fe c to r  and re g u la to ry  c e l l s  
and t h e i r  Ag and A g -n o n -sp ec ific  so lu b le  f a c to r s ,  and amongst th e  
p ro p o r tio n  o f th e  re g u la to ry  c e l l s  them selves i s  a s so c ia te d  w ith  the  
p a th o g en es is  o f v a rio u s  d is e a s e  s t a t e s ,  in c lu d in g  models o f RA in  
an im als and human RA i t s e l f ;  and as s ta te d  in a  re c e n t review  [3 ] , 
th e re  i s  v i r t u a l ly  no autoimmune d ise a se  in which q u a l i t a t iv e  and 
q u a n t i ta t iv e  su p p resso r T - c e l l  d e fe c ts  have no t been re p o r te d .
In  view o f the  und ispu ted  immunodysregulation observed in  RA 
r e s u l t in g  in  enhanced u n c o n tro lle d  humoral immunity and reduced
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e f f ic ie n c y  in  c e l l  m ediated immunity, and th e  autoimmune n a tu re  of the  
d is e a s e ,  i t  was wondered whether d e fe c tiv e  su p p resso r c e l l  a c t i v i t y  
cou ld  be a m ajor cause of th e se  d e fe c ts . Since, w hether p re se n t as a 
p rim ary  anomaly lead in g  to  th e  development of RA, o r p re s e n t secondary 
to  d is e a se  a c t i v i t y  ( e .g .  anti-CD8 lym phocytotoxic Ab), im paired
su p p re sso r c e l l  a c t i v i t y  could c e r ta in ly  p lay  an im portan t ro le  by 
a llo w in g  th e  ex p ress io n  of damaging immune re a c t io n s  a g a in s t  
se lf-com ponen ts  and r e s u l t  in  some of the  immunological a b e r ra t io n s
observed in  RA.
RA i s  a lso  c h a ra c te r iz e d  as being an “ inflam m atory disease** and 
th e re  i s  ample ev idence fo r  increased  phagocytic  a c t i v i t y  in  v ivo  
[ 4 ,5 ,6 ] .  There i s  a lso  evidence fo r  d e fe c tiv e  serum and membrane -SH 
le v e ls  [7 ] . The r e la t io n s h ip  between th ese  3 f a c to r s  was in v e s t ig a te d  
in  t h i s  p r o je c t .
I n i t i a l  experim ents reconfirm ed the  o b serv a tio n  o f d e fe c t iv e
serum -SH le v e ls  in  RA and normal le v e ls  in AS/PSA, as observed by 
o th e rs  [7 ] . These r e s u l t s  would suggest th a t  inflam m ation p e r se  does 
n o t s ig n i f i c a n t ly  reduce serum -SH le v e ls ,  a lthough  r e s u l t s  from 
AS/PSA being  a t  th e  lower end of the normal range in d ic a te  a  p o s s ib le  
c a u s e -e f fe c t  and sug g est th a t  such p a t ie n ts ,  d e sp ite  th e  inflam m atory 
n a tu re  of th e  d is e a s e , have th e  c ap a c ity  to  re g e n e ra te  reduced -SH 
groups alm ost as ra p id ly  as th e  l a t t e r  a re  ox id ized . On the  c o n tra ry , 
in  RA ex cessiv e  inflam m ation and a d e fic ien c y  in  the  c a p a c ity  to  
re -re d u c e  ox id ized  -SH groups r e s u l t s  in th i s  d e fe c t .  I t  i s  
i n te r e s t in g  th a t  major immune d y sfu n c tio n  i s  only  observed in  RA,
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su g g es tin g  a p o s s ib le  a s s o c ia tio n  between inflam m ation, -SH le v e ls  and 
im m unoregulation m ediated by c e l l s ,  s in ce  reduced -SH le v e ls  would be 
expected  to  ex tend  to  c e l l  su rfa c e  membranes and in f lu e n c e  c e l l  
fu n c t io n .
A s e n s i t iv e  ELISA system  was se t-u p  w ith a u se fu l range fo r  
measurement o f IgG, ex tend ing  from 16 to  500 ng/m l, and fo r  IgM 32 to  
794 ng/m l. Using such an ELISA system , th e  n e c e s s i ty  fo r  f r e e  -SH 
groups on c e l l  s u rfa c e s  fo r  c o r re c t  monocyte-lymphocyte in te r a c t io n s  
to  g e n e ra te  IgG in  a PWM-stiinulated system was shown by th e  a b i l i t y  o f 
PHMPSA to  in h ib i t  IgG sy n th e s is  in  a dose-dependent manner w ith  an 
ID50 o f 12 mM, com parable to  f ig u re s  quoted by o th e rs  [8 ,9 ] .  The 
in h ib i t io n  was due to  su rfa c e  -SH b lockade, and n o t c y to to x ic  
in h ib i t io n ,  s in c e , c e l l  v i a b i l i t y  was in s ig n i f ic a n t ly  a f fe c te d  by 
PHMPSA tre a tm e n t, nor by th e  1-hour incubation  a t  37 °C; however, th e  
in cu b atio n  p e rio d  d id  r e s u l t  in  a  s l ig h t  lo s s  in a b i l i t y  to  produce 
IgG, p o s s ib ly  due to  s e le c t iv e  lo s s  of B -o e lls .
Comparisons o f IgG and IgM production  in v a rio u s  p a t ie n t  groups 
and norm als rev ealed  th a t  RA-NSAID p a tie n ts  showed d e fe c t iv e  s y n th e s is  
o f IgG and IgM in  response  to  PWM s tim u la tio n , th e  le v e ls  be in g  
comparable to  those  found by o th e rs  [10,11] and IgG and IgM being  o f 
th e  same o rd e r o f magnitude -  approxim ately  2000 ng/10 c e l l s  -  which 
c o n tr a s ts  w ith  IgM le v e ls  found by one au thor [12 ], where normal IgM 
were 5 - 2 5  tim es g r e a te r  than IgG le v e ls . O ther au th o rs  have rep o rted  
e i th e r  s ig n i f ic a n t ly  dep ressed  [13 ,14 ,15] or normal [16 ,17] o r ra is e d  
[10] m ito g en -s tim u la ted  IgG p ro d u c tio n , and s e v e ra l  a u th o rs  found 
d e fe c tiv e  m ito g en -s tim u la ted  IgM production  [10 ,18] p o s s ib ly
in d ic a tin g  th e  need to  more c le a r ly  d e fin e  RA p a t ie n t s  used in
in v e s t ig a t iv e  s tu d ie s .  T his in  v i t r o  hyporesponsiveness i s  suggested
to  be due to  p r io r  a c t iv a t io n  of the  c e l l s  in  v ivo , a s  .evidenced by
ra is e d  spontaneous IgG sy n th e s is  shown in  t h i s  p r o je c t .  However,
r a is e d  background IgM sy n th e s is  was not observed. F u r th e r  evidence
from o th e r  au th o rs  fo r  in  v ivo  p r io r  a c tiv a tio n  o f_ B -c e lls  comes from
re p o r ts  o f : 1) spontaneous Ig  p roduction  from PBMNC and sy n o v ia l
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t i s s u e s  [19 ]; 2) enhanced spontaneous H-TdR up take  [2 0 ,2 1 ]; 3)
in c reased  number of CD5+ B c e l l s  b u t fewer ab le  to  mouse RBC r o s e t te  
s in c e  p r io r  a c t iv a te d  [2 3 ,2 4 ] , th e  former known to  be committed to  
auto-Ab fo rm ation  [25]; 4 ) in c reased  DR ex pression  on c i r c u la t in g  
B -c e lls  [26] and j o i n t  B -c e lls  [27]; 5) spontaneous auto-Ab
p ro d u c tio n , e .g .  RF e t c . . . .  The hyporesponsiveness to  mitogen 
s tim u la te d  Ig  p ro d uction  in  RA NSAID was no t due to  a l te r e d  k in e t ic s  
o f Ig  p ro d u c tio n  which was th e  same in a l l  p a t ie n t  groups compared to  
norm als, and r e f l e c t s  what i s  happening a t  the m olecular le v e l  in  th e  
p ro c e ss  o f B -c e ll  a c t iv a t io n .  RA p a t ie n ts  on th e  su lp h y d ra te  drug 
D -P en ic illam ine  showed normal background and s tim u la ted  le v e ls  o f IgG 
and IgM as d id  AS/PSA p a t i e n t s ,  in  common w ith  v a rio u s  r e p o r ts  [8 ,2 8 ] . 
I t  would have been in te r e s t in g  to  have looked a t  IgA s y n th e s is ,  s in c e  
AS/PSA p a t ie n ts  a re  s a id  to  show increased  s y n th e tic  c a p a c ity  fo r  IgA, 
and RA and SLE p a t ie n t s  d e f ic ie n t  IgA sy n th e s is  [3 ] ,  perhaps 
r e f l e c t in g  a d e fe c t iv e  su p p resso r c e l l  system s o le ly  fo r  IgA s y n th e s is  
in  th e  form er groups, and excess suppressor c e l l s  s p e c i f ic  fo r  
B -clones making IgA in  th e  l a t t e r  groups.
F u r th e r  evidence th a t  su rfa c e  -SH groups a re  im portan t fo r  c e t l
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fu n c tio n  came from in v i t r o  experim ents w ith  2-ME, showing 
n o rm a liza tio n  o f d e fe c t iv e  IgG and IgM s y n th e s is  in  RA NSAID. 2-ME has 
long been known to  in c re a se  p r o l i f e r a t io n  [29] or Ig  p ro d u c tio n  [30] 
and in  f a c t  i t  s t im u la te s  Ig  p roduction  even from normal s u b je c ts ,  as 
evidenced in  t h i s  th e s i s ;  however^ only s ig n i f ic a n t  in c re a s e s  were 
observed in  RA NSAID, which i s  fu r th e r  evidence th a t  i t  i s  o x id ized  
membrane -SH cau sin g  th e  d e fe c tiv e  in v i t r o  responses in  RA NSAID.
To p a r a l l e l  th e  experim ents using  PHMPSA, which cau ses  -SH
blockade by i t s  Hg m oiety , experim ents were c a r r ie d  ou t u s in g  th e  most
e a s i ly  a v a ila b le  of th e  p h y s io lo g ic a l o x id iz in g  a g e n ts , namely H2O2 ,
* and in  agreem ent w ith  o th e r  au th o rs  [9 ,3 1 ], a s l i g h t  m itogen ic  e f f e c t
of Ho02 on IgG p ro d u c tio n  was observed a t  low c o n c e n tra tio n s  (10 -  50
nM), perhaps by s t im u la tin g  IL-2 production [32], At 50 nM to  le s s
than  10 fJM H2O2 , in h ib i t io n  o f IgG was observed in  a dose-dependent
manner; a 1-hour in cu b a tio n  a t  37 °C w ith 50 /j M * ^ 2  causec* c e l l
♦
d e a th , s a id  to  be due to  H90o in a form of OH compromising aCs £*
m u ltitu d e  o f c e l l u l a r  fu n c tio n s  in the  fo llow ing  o rd e r: DNA s tra n d
b re a k s , th a t  cause a c t iv a t io n  of polyA D -ribose-polym erase, th a t  in  
tu rn  cause ATP and NAD d e p le t io n  and an a l te re d  redox s t a t e ,  fo llow ed 
by f u r th e r  ATP d e p le t io n  by s tim u la tio n  of the  hexose monophosphate 
shun t pathway, Ca++ and Na+ in flu x  and K+ e f f lu x ,  then a c t  in  
po ly m eriza tio n  and b leb b in g  o f the plasma inambrane and f i n a l l y  c e l l
d e a th . S u b le th a l doses of Ho0 o cause DNA s tran d  b reak s  and d e lay ed ,
t.. z
bu t n o t in h ib i te d ,  c e l l  d iv is io n ,  and th e re fo re  abnormal d au g h te r 
c e l l s  [33]. The f a c t  th a t  IgG production  (and IgM— d a ta  n o t shown) 
was a f fe c te d  more by H2O2 in  th e  RA NSAID group i s  perhaps ev idence
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th a t  th e  v a s t  m a jo rity  of t h e i r  su rface  -SH groups were a lread y  
o x id iz e d , th u s  o x id a tio n  of any rem aining f r e e  s u rfa c e  -SH groups 
re q u ire d  le s s  than  fo r  th e  o th e r p a t ie n t  and norm al g roups.
Two b a s ic  approaches can be used to s tudy  im m unoregulatory c e l l s :  
1) phenotyp ic  q u a n t i f ic a t io n  of such c e i l s ;  2) fu n c tio n a l  a n a ly s is  of 
such c e l l s .  The form er was in v e s tig a te d  to  some e x te n t ,  b u t n o t dw elt 
on, due to  th e  many d i f f i c u l t i e s  a sso c ia te d  w ith  l im ite d  phenotypic 
a n a ly s is ,  p a r t i c u la r ly  when one only  has re so u rces  to  “ s in g le - l a b e l” 
c e l l s .  Because o f th e  numerous Mabs now a v a ila b le  to  s u b c la s s ify  
s p e c i f ic  fu n c tio n a l su b se ts  of c e l l s  w ith in  th e  two main 
im m unoregulatory T - c e l l  p o p u la tio n s  -  i . e .  CD4+ and Cffe+ c e l l s  - ,  a 
p ro p er phenotyp ic  comparison of immunoregulatory c e l l  b a lan ces  in  RA 
compared to  norm als would re q u ire  m u ltip le  la b e l l in g  te ch n iq u es , which 
was n o t p o s s ib le  to  perform . A lso, d e p ite  a la rg e  number o f p apers  
th a t  have been p u b lish ed  d e sc r ib in g  changes in T - c e l l  su b se t r a t i o s  or 
numbers -  th e  im p lic a tio n  th a t  such changes a re  r e la te d  in  some way to  
th e  a e tio lo g y  o f th e  d is e a s e  in q u estio n  a re  f re q u e n tly  unw arrented,
+ -fs in c e : 1) an in c reased  CD4 /CD8 r a t io  fre q u e n tly  a s so c ia te d  w ith
+ 1 + autoimmune d is e a s e  could mean a f a l l  in CD8 numbers o r a  r i s e  in  CD4
.f
numbers; 2) a  f a l l  in  CD8 numbers cannot be equated w ith  a f a l l  in  Tg
numbers, s in c e  the  CD8+ p o p u la tio n  co n ta in s  T^ c e l l s  to o ; perhaps a
b e t t e r  method would be to  look a t  T^/Tg r a t io s  u s in g  CD8+ CDll^ CD28+ 
and CD8+ CD11+ CD28 re s p e c t iv e ly ;  3) a r i s e  in CD4+ numbers cannot be
equated w ith  a  r i s e  in  T^ numbers, s in ce  the CD4+ p o p u la tio n  co n ta in s
^H /I TS /I  c e •^s , th u s  a b e t t e r  method would be to  look a t  th e se  
r a t i o s ;  4) f in d in g s  from th e  blood a re  not n e c e s s a r i ly  r e p re s e n ta t iv e
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o f an in d iv id u a l “ in  t o to ” ; 5) i f  supp resso r c e l l  d y sfu n c tio n  i s  a
c o n tr ib u tin g  mechanism to  autoim m unity, th e  r e s t r i c t i v e  n a tu re  of most
auto-Ab would re q u ire  a s e le c t iv e  ra th e r  than o v e ra l l  lo s s  of Tg
numbers an d /o r fu n c tio n s  and th i s  would n o t be expected to  r e s u l t  in
d e te c ta b le  changes in CD4+/CD8+ r a t io s  in th e  blood; 6) changes in
su b se t r a t i o s  may r e f l e c t  compensatory responses o f th e  h o s t to
ch ro n ic  Ag s tim u la tio n s  r a th e r  than in t r in s ic  immunological d e f e c ts ;
7) su b se t r a t i o  changes do no t n e c e s s a r i ly  r e s u l t  in  immunodefects:
e .g .  in  ch ro n ic  n eu tro p en ia  T g ^  numbers a re  ra is e d  w ith  few c l i n i c a l
problem s; 8) a normal r a t i o  may hide und erly in g  im balances s in c e  b o th
th e  CD4+ and CD8+ su b se ts  a re  heterogenous p o p u la tio n s ; 9) one needs
to  su p p o rt phenotyp ic  r a t i o  changes w ith  fu n c tio n a l a ssay s  r e l a t i v e  to
th e  d is e a s e  under q u e s tio n ; 10) phenotypic an ay lse s  r e ly  on th e
assum ption th a t  m a rk e r-fu c tio n  re la t io n s h ip s  th a t  have been
e s ta b lis h e d  in  h e a lth y  s u b je c ts  hold tru e  d u ring  d is e a s e , and t h i s  may
n o t be so: e .g . do CD8+ c e l l s  sa id  to  be TQ/p in  h e a lth  have th e  sameo/L  1
fu n c tio n  in  RA? Thus, CD8+/CT)4+ r a t io s  probably  have l i t t l e  o r no 
d ia g n o s t ic  o r p ro g n o s tic  va lue  c l in i c a l l y .
Thus, a  more fu n c tio n a l approach was p re fe rre d  fo r  t h i s  p r o je c t .
In  v i t r o  models to  in v e s t ig a te  suppresso r c e l l  a c t i v i t y  in  man a re
complex and s t i l l  a t  a developm ental s tag e  but o f th e  p o s s ib le  models 
a v a i la b le  th e  methods e le c te d  to  be used in th i s  p ro je c t  were: CON-A
in d u c ib le  su p p resso r c e l l  a c t i v i t y  a sse ss in g  su cc e ss iv e  su p p re sso r 
c e l l  g en e ra tio n  by su p p ress io n  o f IgG or IgM s y n th e s is ,  o r mitogen 
s tim u la te d  T -c e l l  p r o l i f e r a t i o n  and s h o r t- l iv e d  su p p re sso r c e l l  
a c t i v i t y  which probab ly  m easures spontaneous su p p resso r c e l l s .
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S ev era l p apers  have been w ritte n  on m u lt if a c to r  s tu d ie s  o f the 
CON-A su p p resso r c e l l  assay  [34] and i t  would seem th a t  th e  system  is  
la rg e ly  c o n tro lle d  by the  in te ra c t io n s  between d i f f e r e n t  env ironm ental 
v a r ia b le s ,  th o se  in  th e  CON-A suppressor c e l l  g e n e ra tin g  system  
in c lu d in g : 1) th e  c o n ce n tra tio n  o f CON-A; 2) len g th  of c u l tu re  p e rio d ; 
3) tim e o f a d d itio n  o f CON-A; 4) c e l l  co n ce n tra tio n ; 5) th e  le n g th  of 
c o n ta c t p e rio d  between c e l l s  and CON-A. In the in d ic a to r  c o -c u ltu re  
system  th e  v a r ia b le s  a re : 1) r e la t iv e  r a t io  o f re s p o n d e r /e f fe c to r
c e l l s ;  2) t o t a l  c e l l  co n ce n tra tio n ; 3) mitomycin-C tre a tm e n t o f 
e f f e c to r  c e l l s ;  4 ) w hether CON-A was washed o f f  th e  p u ta t iv e  
su p p resso r c e l l s  o r n o t; 5) len g th  of c u ltu re  p e rio d ; 6) tim e of 
a d d itio n  o f CON-A tr e a te d  c e l l s  to  the  responder c e l l s ;  7) th e  type o f 
serum in  medium a f f e c t in g  background responses (ISCOVE, au to lo g u s 
serum, low m itogenic FCS and bovine serum -album in, g iv in g  lower 
bakgrounds than  m itogen ic  FCS and AB serum); 8) w hether r e s u l t s  a re  
expressed  r e la t iv e  to  u n tre a te d .c o -c u ltu re  c e l l s  o r responder c e l l s  
a lone; 9) as p o in ted  ou t by Gershon, the e f f e c t  th a t  th e  re g u la to ry  
c e l l s  produce depend a lso  on th e  a c t iv i ty  of th e  responder c e l l s  -  
which he c a l le d  the  “ second law of thymodynamics” ! Thus, th e  ex ac t 
co n d itio n  used in e i th e r  c u ltu re  system and the way th e  r e s u l t s  a re  
expressed  determ ines th e  q u a n t i ta t iv e  le v e ls  of supp resion  observed .
T h ere fo re , in  t h i s  p ro je c t  a m u ltifa c to r  s tudy  o f environm ental 
v a r ia b le s  in  bo th  th e  CON-A suppresso r c e l l  g e n e ra tin g  system  and 
in d ic a to r  c o -c u ltu re  system , th a t  might in fluence  op tim al su p p re ss io n , 
was c a r r ie d  out u s in g  PBMNC from normal s u b je c ts .  An op tim al 
co n ce n tra tio n  o f CON-A was found to  be 10 Mg/ml fo r  bo th  IgM and IgG
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a ssa y s , th e  f in d in g  th a t  the  same co n cen tra tio n  was o p tim al fo r  bo th  
was a lso  observed by o th e rs  [35] who looked a t  IgG, IgM and IgA 
p ro d u c tio n . I n te r e s t in g ly  a wide range of CON-A c o n c e n tra tio n s  
ob ta ined  from a number o f sources can a c t iv a te  su p p re sso r a c t i v i t y ,
g
v a rio u s  la b o ra to r ie s  have used 1 -  100 Mg/10 c e l l s  and w hile  i t  i s  
n o t c le a r  i f  th e  same su p p resso r c e l l  i s  a c tiv a te d  in  each case , i t  
has been re p o rte d  th a t  doses used to  produce a s tro n g  m itogen ic  
response  a re  n o t n ecessa ry  fo r  suppresso r c e l l  a c t iv a t io n .  
I n te r e s t in g ly ,  10 Mg/ml was op tim ally  m itogenic in  t h i s  th e s i s ,  and 
an o th er la b o ra to ry  found an optim al dose to  be m itogen ic  [3 6 ] .
I
M ito g en ica lly  superop tim al c o n ce n tra tio n s  were found to  g iv e  g re a te r  
su p p re ss io n , e .g .  25 Mg/ml, b u t 10 Mg/ml was chosen a s  th e  s t im u la t in g  
c o n c e n tra tio n  fo r  g en e ra tio n  of suppresso r c e l l s ,  s in c e  th i s  
co n c e n tra tio n  gave near-m axim al suppression  of Ig  s y n th e s is  (ab o u t 
90%), and u n lik e  ^  25 Mg/ml, th i s  co n cen tra tio n  d id  n o t a f f e c t  c e l l  
v i a b i l i t y  o r c e l l  y ie ld  when compared to  u n tre a te d  c e l l s .  A 
su p p ress io n  o f approx im ately  80% has a lso  been achieved u s in g  th i s  
assay  fo r  su p p ress io n  of B -c e ll  responses, e .g . PFC in  au to logous
c u l tu re s  by o th e rs  [3 6 ]. I t  was observed th a t  very  low doses o f CON-A
(0 .0 5  -  1 Mg/ml) sometimes re s u lte d  in enhancement r a th e r  than 
subsequent su ppression  o f PWM stim u la ted  Ig  s y n th e s is .  T h is 
o b se rv a tio n  has a lso  been noted by Gupta e t  a l .  [3 5 ]: in  t h e i r
experim ents they  found th a t  low doses of CON-A ( 0 - 5  Mg/ml) caused a
r i s e  in  Tm c e l l  numbers, and 10 -  40 Mg/ml a f a l l ,  b u t t h a t  numbers of
Ty c e l l s  ro se  s te a d i ly  0 - 8 0  Mg/ml; they suggested th a t ,  depending on 
th e  dose of CON-A used, h e lp e r c e l l  induction  (0 -  5 Mg/ml) o r
su p p resso r c e l l  in d u c tio n  (10 -  80 Mg/ml) could occur. The induced
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su p p re sso r c e l l  a c t i v i t y  was a sso c ia te d  w ith  an in c re a se  in  TV c e l l s
and , s in c e  i t  i s  agreed th a t  most Tg c e l l s  fo r  su p p ress io n  o f PWM
s tim u la te d  Ig  s y n th e s is  a re  a lso  Tr  c e l l s ,  t h i s  would ag ree  w ith
o b se rv a tio n s  in  t h i s  p r o je c t ,  o f in c reased  CD8 ex p ress io n  w ith
in c re a s in g  doses of CON-A. T his would in d ic a te  t h a t  th e  ex p ress io n  o f
th e  CD8 Ag seems to  be a sso c ia te d  w ith  su p p resso r fu n c tio n ; however i t
must be remembered th a t ,  due to  fu n c tio n a l and m orphological
h e te ro g e n e ity  whithin a  group o.f c e l l s  d e tec te d  u s in g  a p a r t i c u la r  Mab,
i t  i s  e s s e n t ia l  to  d e f in e  th e  s p e c i f ic i ty  o f th e  Mab and i t s
c ro s s - r e a c t iv e n e s s .  The CD8 Ag, fo r  in s ta n c e , appears  on su p p resso r
T-lym phocytes, c y to to x ic  lymphocytes and N K -cells, th e  l a t t e r  two can
a lso  fu n c tio n  in  a su p p re ss iv e  way, bu t i t  i s  v ia  a  c y to to x ic
mechanism; s in c e  th e re  i s  no evidence of s ig n i f i c a n t ly  reduced c e l l
v i a b i l i t y  in  th e  CON-A c o -c u ltu re  a ly t i c  mechanism does .not seem to
be re sp o n s ib le  fo r  th e  su p p ress io n  observed. I t  would seem th a t  CON-A
tre a tm e n t induces c e l l s  th a t  a c t  fu n c tio n a lly  as su p p re sso r c e l l s  and
th e  m a jo rity  o f which appear to  be o f the  CD8+ phenotype. To fu r th e r
s p e c ify  th e  ex ac t phenotypic  n a tu re  of the  induced su p p resso r c e l l s ,
Mabs to  fu n c tio n a lly  unique monocytes, B -c e lls ,  su b se ts  o f CD4+ c e l l s
and su b se ts  o f CD8+ c e l l s  should be used. Thus, d e f in in g  th e  a c tu a l
su p p resso r c e l l  o r m ixture  of c e l l s  induced i s  very  complex, due to
th e  fu n c tio n a l  and pheno typ ic  h e te ro g en e ity  which e x i s t s  in  a l l
lymphoid c e l l  su b se ts . The in a b i l i ty  of complement and CD8 Ab to
a b o lish  th e  induced su p p resso r a c t i v i ty  would su g g est th e  c o -e x is te n c e
of non-CD8+ su p p resso r c e l l s  ( e .g .  perhaps Tq n  o r even n o n -T -c e lls .
b /  I
Gupta e t  a l .  [35] su g g est in unpublished o b se rv a tio n s  the  e x is te n c e  of 
a p a r t i a l  c o r r e la t io n  between a l te r a t io n s  in  T ^ - c e l l  su b se t
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p ro p o r tio n s  and in v i t r o  sup p resso r c e l l  a c t i v i t y  fo r  B -c e ll  
d i f f e r e n t i a t i o n .  The lack  of an a b so lu te  c o r r e la t io n  i s  most l i k e ly  
a t t r ib u ta b le  to  th e  f a c t  th a t  th e re  a re  a t  le a s t  two su b p o p u la tio n s  o f 
T y '-c e lls , and only  one o f them seems to  a c t  as  a t ru e  su p p resso r
i
p o p u la tio n . Gupta a lso  suggested  th a t  the  in c re a se  in  T r - c e l l s  could
be due to  in d u c tio n  o f T r - c e l l s  from a p o p u la tio n  o f T - c e l l s  w ith
n e i th e r  IgM nor IgG re c e p to r s , o r by causing  Tm- c e l l s  to  d i f f e r e n t i a t e
to  IlY - c e l l s  by re c e p to r  sw itch in g  -  th a t  he found to  occur a t  h igh
CON-A c o n c e n tra tio n s . In  su p p o rt of th i s ,  two r e p o r ts  [37 ,38] found
th a t  Tm-  and n o n -T r -c e l ls  pu lsed  w ith  CON-A could su p p ress  plasm a c e l l
g en e ra tio n  o r PFC fo rm ation , su g g es tin g  the  e x is te n c e  o f a t  l e a s t  two
fu n c tio n a lly  d i s t i n c t  T /J -c e lls , w ith  h e lp e r /in d u c e r  and
h e lp e r /su p p re s so r  p ro p e r t ie s ;  in  support of th i s  i t  has been shown
• f  +th a t  s e p a ra te  p o p u la tio n s  of CD4 and CD8 c e l l s  can be induced by 
CON-A to  su p p ress  c o -c u ltu re s  [3 9 ,4 0 ] , and y e t an o th er group u s in g  
n eg a tiv e  panning found CON-A in d u c ib le  supp resso r a c t i v i t y  in  the  CD4+ 
p o p u la tio n  [4 1 ], and i t  has been shown th a t  T g ^  can them selves cause 
sup p ress io n  o f p o ly c lo n a l Ig  p ro d u c tio n  [42] and th a t  anti-CD45R Mab 
can p rev en t T g ^  fu n c tio n  in  th e  g en era tio n  of su p p re sso r c e l l s  in  
AMLR and in  CON-A induced su p p resso r a c t i v i ty  [4 3 ]. Perhaps t h i s  
ex p la in s  th e  o b se rv a tio n  in  th i s  p ro je c t of th e  i n a b i l i t y  o f 
complement and anti-CD8 Mab to  t o t a l l y  ab o lish  su p p resso r a c t i v i t y ,  
p a r t i c u la r ly  in  view o f th e  f a c t  th a t  non-T non-induced su p p re sso r 
c e l l s  a lso  c o e x is t  w ith  CON-A induced su p p resso r c e l l s .  However, 
R einherz [44] b e lie v e s  th a t  sup p resso r fu n c tio n  i s  only  p re se n t 
w hith in  CD8+ p o p u la tio n s , a lth o u g h  h is  experim ental desig n  could be 
c r i t i c i s e d ,  s in c e  he used p o s i t iv e  panning -  which i s  known to  p rev en t
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p r o l i f e r a t i o n  in  au to logous or a llo g e n e ic  MLR [45] -  th u s  CON-A would 
no t be expected  to  have been ab le  to  s tim u la te  su p p resso r a c t i v i t y  in  
th e  CD4+ p o p u la tio n , due to  m ethodological a r t i f a c t s .
In  agreem ent w ith  recommendations [46], a 1:1 r a t i o  o f e f f e c to r  
to  responder c e l l s  was found to  be optim al fo r  observ ing  c o n s is te n t  
and maximal su p p re sso r a c t i v i t y ,  as found in most r e p o r ts  [1 2 ,3 6 ]. 
Three approaches were adopted to  fin d  the op tim al ra t io : .  1) v a ry in g  
th e  r a t i o s  b u t keeping  th e  t o t a l  volume the same, u s in g  t h i s  method 
r a t i o s  o f 1 :3  up to  3 :1  showed in c re as in g  su p p re ss io n , however 1:1 to  
3 :1  were n o t s ig n i f i c a n t ly  d i f f e r e n t ;  2) v a ry in g  th e  number of
e f f e c to r  c e l l s  added to  a c o n s ta n t number of responder c e l l s  where 
t o t a l  volume a l te r e d ,  u s in g  t h i s  method supp ress io n  was found to_ r. 
in c re a se  when th e  r a t i o  was a l te r e d  from 1:2 to  1 :1 , b u t d ec lin ed  from 
1:1 to  3 :1 ; 3) v a ry in g  th e  r a t i o s  of e f f e c to r  c e l l s  to  a  c o n s ta n t 
number o f responder c e l l s  keeping the  t o t a l  volume th e  same, 
su p p ress io n  was w ith  t h i s  method found to  s te a d i ly  d e c lin e  from 1:1 to  
as low as 1:4000; b u t ,  i f  good suppression  i s  taken  as > 75%, th i s  was 
on ly  s t i l l  o b ta in a b le  up to  a  r a t i o  of 1:10. O ther au th o rs  u s in g  
p e r ip h e ra l  b lood lymphocytes and autologous B- and T -responses found 
in c reased  su p p ress io n  as  the  r a t i o  of e ffe c to r /re sp o n d e r  c e l l s  was 
lowered from 1:10 to  1:1 [4 7 ] , and o th e rs , u s in g  synoviaL - -f lu id
lymphocytes and a llo g e n e ic  T - c e l l  responses, as th e  r a t i o  was ra is e d
1:2 to  2 :1  [5 4 ], In agreem ent w ith  most a u th o rs , th e  1:1 r a t i o
5 5c o n s is te d  o f 2 x 10 su p p reso r c e l l s  added to  2 x 10 responder c e l l
5in a  200 Ml volume, th e  o th e r popu lar c e l l  d e n s ity  i s  1 x 10 of each 
c e l l  type per 200 Ml. Another re p o r t found su p p resso r a c t i v i t y
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in c reased  as  e f fe c to r /re sp o n d e r  r a t io  fo r  to n s i l  lymphocytes were 
reduced from 1:30 to  1 :1 , and no su pp resso r a c t i v i t y  occurred  a t  
1:300. The same au th o r found suppresso r a c t i v i ty  u s in g  p e r ip h e ra l  
blood lym phocytes in c reased  from a 1:10 to  1:1 r a t i o  [36 ], T h is  au th o r 
looking  a t  CON-A induced suppression  o f PWM s tim u la te d  PFC of 
au to logous c e l l s  found only  supp resso r a c t i v i t y ,  even when, low numbers 
o f su p p re sso r c e l l s  were added, which i s  in  agreem ent w ith  r e s u l t s  in  
th i s  p r o je c t  and ag rees  w ith  r e s u l t s  o f ano ther au th o r [4 8 ], b u t 
c o n tr a s ts  to  f in d in g s  by o th e rs  [49 ,50 ]. The f in d in g s  in  t h i s  p ro je c t  
sup p o rt th e  concept th a t  th e  supp resso r c e l l s  induced a re  f u n c t io n a l ly  
and p h y s ic a lly  (a )  d i s t i n c t  p o p u la tio n (s )  which m ediate on ly  
su p p ress io n . I t  appears th a t  th e se  c e l l s  a re  n o t capab le  o f sw itch in g  
fu n c tio n  ( i . e .  h e lp e r <— - su p p resso r) depending on e i th e r  th e  s t r e n g th  
o f th e  s tim u lu s  o r th e  r e l a t i v e  number of such c e l l s .  T h is i s  in  
agreem ent w ith  c u rre n t ev idence in d ic a tin g  th a t  help  and su p p ress io n  
a re  m ediated by d i s t i n c t  subpopu la tions of lymphoid c e l l s .
V arious papers  su g g es t th a t  suboptim al c o n c e n tra tio n s  o f mitogen 
fo r  observ ing  su p p ress io n  o f T -c e l ls  au to logous resp o n ses  a re  
p re fe ra b le  in  the  in d ic a to r  c o -c u ltu re , s in ce  they  su g g es t th a t :  a )
sup p ress io n  i s  more d i f f i c u l t  to  q u a n ti ta te  u s in g  op tim al do ses; and 
b) suboptim al doses p ro v id e  a more r e l i a b le  index o f in h ib i to r y  
e f f e c t s  [34]; c ) i t  enhances the s e n s i t i v i t y  o f th e  a ssay , 
p a r t i c u la r ly  i f  CON-A i s  used in  suboptim al doses too  [4 7 ]. Another 
au th o r suggested  th a t  one should no t look a t  d if f e r e n c e s  a t  in d iv id u a l 
PWM doses, b u t compare th e  a re a  under dose-response  cu rves [5 1 ]. 
However, a 1:200 PWM d i lu t io n  (op tim al fo r  Ig  s y n th e s is )  was found to
t
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be o p tim al fo r  the  ex p ress io n  of maximum sup p ress io n  in t h i s  p r o je c t .  
In  c o n t r a s t  to  th e se  form er view s, i t  might be m ath em atica lly  e a s ie r  
and more a c c u ra te  to  ex p ress r e la t iv e  p e rcen t Ig  s y n th e s is  r e l a t iv e  to  
u n tre a te d  c o -c u ltu re s  in  which the  responder c e l l s  a re  showing 
p a r t i c u l a r ly  good resp o n ses  to  PWM in terms of Ig  s y n th e s is ,  as  has 
been suggested  in  one re p o r t  [52]. I t  was wondered w hether in c re a s in g  
th e  c o -c u ltu re  p e rio d  to  10 -  12 days (so  th a t  Ig  p ro d u c tio n  would be 
a t  i t s  peak) would lead  to  improved supp ress io n . T h is  was found n o t to  
be th e  c ase . A lte rn a tiv e ly , th e  c u ltu re s  could have been grown in 
U -sh ap ed  a s  opposed to  (J-sh ap ed  w e lls , s in c e  i t  was found th a t  
v e s s e l  a r c h i te c tu re  has a profound e f fe c t  on subsequent Ig  p ro d u c tio n , 
which was found to  in c re a se  when c e l l s  were grown in  U -shaped v e s s e ls  
compared to  U -shaped (d a ta  n o t shown). T his was p robab ly  due to  th e  
f a c t  th a t  such a shape p ro v id es  an optim al su rfa c e  fo r  maximum c o n ta c t 
between c e l l s  (B -c e l ls ,  T^, Tg, monocytes, macrophages, e t c . )  and a lso  
minimum d is ta n c e s  fo r  lymphokine tr a n s fe r  between c e l l s  and th e re fo re  
op tim al c o n d itio n s  fo r  maximum Ig  p roduction . However, because very  
good su p p ress io n  was o b ta ined  u sing  a 7-day c u l tu re  and [J -shaped 
w e lls , th e se  p o s s i b i l i t i e s  were no t pursued.
Another au tho r [34] found p re -c u ltu r in g  c e l l s  fo r  24 hours
r e s u l te d  in  a  red u c tio n  in  subsequent m itogenic re sp o n ses , b u t a 5-day
p re -c u l tu re  r e s u lte d  in  a lo s s  of spontaneous su p p resso r c e l l s ,  so
th a t  such c e l l s  responded in an enhanced manner compared to  f r e s h
c e l l s  when subsequen tly  s tim u la te d  w ith m itogens. Such p re c u ltu re d
c e l l s  con tained  few B- and Tc- c e l l s  bu t many T„ c e l l s ,  howeverb H ,
s u f f i c i e n t  B -c e lls  fo r  the  T„ to  s tim u la te  on a d d itio n  of m itogens. In
9
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th e  l i g h t  o f D ixon 's  [52] argument th a t  b e t t e r  su p p ress io n  i s  observed 
in  in d ic a to r  c u l tu re s  where responder c e l l s  a re  showing s tro n g  immune 
re sp o n se s , i t  m ight have been expected th a t ,  i f  responder c e l l s  were 
grown fo r  a long p re -c u l tu re  p e rio d  s u f f i c i e n t  to  allow  them to  escape 
from an in h ib i to r y  mechanism (spontaneous su p p resso r c e l l s ) ,  a  b e t t e r  
su p p ress io n  m ight have been observed on a d d itio n  o f p u ta t iv e  
su p p resso r c e l l s  than  when f re s h  responder c e l l s  a re  added. However, 
no advantage u s in g  th i s  method was observed [34].
Thus, a  1:200 PWM and |J -sh ap e d  w e lls  and f re s h  au to logous 
responder c e l l s  were used in  th e  in d ic a to r  system  in t h i s  p r o je c t .  PWM 
i s  a  p o ly c lo n a l T-dependent B -c e ll  a c t iv a to r ,  th u s  th e  advantage of 
t h i s  m itogen over T -independent m itogens i s  th a t  th e  r e s u l ta n t  e f f e c t  
r e f l e c t s  h e lp e r and su p p re sso r s ig n a ls  gen era ted  by T - c e l l s ,  th e  
in te r a c t io n  o f th e se  s ig n a ls  w ith  B -c e lls  and th e  c a p a c ity  o f B -c e lls  
to  produce and s e c re te  Ig . Thus, Ig  p roduction  r e f l e c t s  o v e ra l l  
T -re g u la to r  and B -e f fe c to r  c a p a b i l i t i e s  and no t j u s t  B -c e ll  fu n c tio n  
p e r se  -  which i s  what T -independent m itogens do. One problem  using  
PWM i s  th a t  10% -  12% of th e  g e n e ra l po p u la tio n  do n o t respond to  i t ,  
and some people  respond sometimes bu t no t o th e r tim es, a lth o u g h  most 
w orkers agree  th a t  low responders  a re  c o n s is te n ly  low and high 
responders  a re  c o n s is te n ly  h igh , and people in-betw een re p re se n t a 
heterogeneous group [53 ]. I t  was confirm ed in  t h i s  p r o je c t  th a t  
c e r ta in  in d iv id u a ls  do n o t respond to  PWM, and no m eaningful d a taI
could be ob ta ined  from such s u b je c ts :  o th e r  CON-A induced su p p re sso r 
c e l l  experim ents were abandoned because of lack  of response to  CON-A 
a lso  observed by o th e r  in v e s t ig a to r s  [54 ,3 9 ], however th i s  was a r a re
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problem . To d ec ip h e r which mechanism was re sp o n s ib le  fo r  a lack  of 
e f f e c t ,  w herever p o s s ib le  responder c e l l s  were s e t-u p  w ith  o r w ith o u t 
PWM a lo n e , to  check th a t  th e  d e fe c t  was not sim ply due to  non response 
to  PWM.
One o f th e  p r a c t ic a l  d i f f i c u l t i e s  in  t h i s  assay  i s  th a t  i t  
r e q u ire s  two b leed in g s  from th e  same person , which can be a problem 
w ith  p a t ie n t  m a te r ia l ,  in  p a r t i c u la r  RA, s in ce  such p a t ie n ts  tend to
be anaemic and re q u ire  freq u e n t b leed in g  fo r  o th e r  ro u tin e  t e s t s .  I t
has been s ta te d  th a t  one can use unstim u la ted  c e l l s  grown in  
p re -c u l tu re  fo r  48 hours as a source of au to logous c e l l s ,  b u t t h i s  
appears on ly  s u i ta b le  fo r  looking  a t  suppression  o f a p r o l i f e r a t i v e  
assay  [55 ], u s in g  e i th e r  au to logous or a llo g e n e ic  su p p resso r c e l l s  
[3 4 ]. In  t h i s  p ro je c t ,  because of th e  s e le c t iv e  lo s s  of B -c e lls  in  th e  
u n tre a te d  c e l l  p o p u la tio n s  as noted by Dwyer [34 ], such a p o p u la tio n  
i s  u n s u ita b le  as a responder po p u la tio n  when look ing  a t  Ig  s y n th e s is .  
In two norm als ano ther method of o b ta in in g  s u i ta b le  responder c e l l s  
from one b leed  was in v e s t ig a te d , in which c e l l s  were suspended fo r  48 
hours a t  4 C in  HEPES b u ffe r  co n ta in in g  10% FCS in  a sm all f la s k .  
These c e l l s  proved s u i ta b le  responder popu la tion  fo r  one person b u t 
no t fo r  th e  second (d a ta  n o t shown), thus t h i s  method was abandoned 
d e s p ite  i t s  su c c e ss fu l use  by o th e rs  [28]. A th i r d  p o s s ib i l i t y  toi
avoid a second b leed  was to  use PBMNC from a d i f f e r e n t  in d iv id u a l as 
responder c e l l s ,  such c e l l s  could be p laced  in medium c o n ta in in g  10% 
DMSO and a liq u o te d  and s to re d  in to  l iq u id  n itro g en  u n t i l  needed, as
u s e d -su c c e s s fu lly  in  one re p o r t  [55 ]. However, then one i s  looking  a t  
an a llo g e n e ic  in d ic a to r  system  which becomes more com plicated to
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in t e r p r e t .  Thus, d e s p i te  i t s  drawback, an au to logous responder system  
u s in g  f r e s h ly  p repared  c e l l s  was the method of cho ice  in  th i s  p r o je c t .
More r e c e n t ly ,  two au th o rs  have suggested  improved v e rs io n s  of 
th e  CON-A induced su p p re sso r  assay . Panush [56] suggested  th a t  to  
avoid such problem s as a  second b leed  fo r au to logous responder c e l l s ,  
or f in d in g  w il l in g  donors fo r  a llo g e n e ic  responder c e l l s  (which can 
vary  in  th e i r  re sp o n s iv e n e ss ) , o r the  freq u en t m an ipu la tions o f c e l l s  
on 2 d i f f e r e n t  days and freq u e n t ad justm ents to  c o r r e c t  fo r  lo s s  o f 
c e l l  v i a b i l i t y ,  o r th e  time-consum ing ted io u s  in cu b a tio n s  and washing 
of p u ta t iv e  su p p resso r c e l l s  w ith  «-m ethyl-m annoside, -  one can use an 
IM9 lym phoblasto id  B -c e ll  l in e  as th e  responder c e l l  p o p u la tio n . Such 
c e l l s  a re  easy  to  grow, r e a d i ly  a v a ila b le , no t a f fe c te d  by CON-A 
p re s e n t on e f f e c to r  c e l l s ,  they e lim in a te  the  problem o f MLC responses 
and can be assayed q u ic k ly , th u s  p rov id ing  a rep ro d u c ib le  s tan d a rd iz e d  
a c c e s s ib le  source  o f responder c e l l s  w ith which to  compare su p p resso r 
a c t i v i t y .  Panush advocated mitomycin-C trea tm en t o f PBMNC b e fo re
s tim u la tio n  w ith  CON-A, p la c in g  them in a m ic r o t i te r  p la te  fo r  a
48-hour c u l tu re  p e rio d  w ith  CON-A, then d i r e c t l y  adding an equal 
number of IM9 c e l l s  to  the  w ell and c u ltu r in g  fo r  a f u r th e r  72 hours
3
to  determ ine th e  p e rcen tag e  suppression  of H-TdR up take o r IgG 
se c re t io n  by th e se  IM9 c e l l s .  Panush found t h i s  method to  be 
comparable to  th e  c l a s s i c a l l y  used methodology. He found th a t  o th e r  
p o s s ib le  c e l l  l in e s  th a t  could be used included RAJI, MOLT-4 and BJAB. 
Two o th e r  au th o rs  have found c e l l  l in e s  to  be s u i ta b le  responder c e l l s  
[5 7 ,5 8 ] . A second a l t e r a t io n  in methodology was d e sc rib e d  by Knaab 
[5 9 ], who s to re d  c e l l s  to  a c t  as  responder c e l l s  and used on ly  a
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16-hour p re -c u l tu re  w ith  CON-A.
CON-A appears to  c ro s s - l in k  c e l l  su rface  re c e p to rs  in  a c t iv a t in g  
su p p re sso r c e l l s  [60 ]. CON-A binds to  non-T, T and B lym phocytes, th u s  
i t  i s  th e o r e t ic a l ly  p o s s ib le  th a t  d e sp ite  ex ten s iv e  c e l l  washing w ith
c u l tu re  medium, CON-A w il l  be c a r r ie d  over in to  the  in d ic a to r  system .
3
One re p o r t  measured 1% ca rry -o v e r by H -lab e lled  CON-A [5 6 ]. Most 
exam inations o f t h i s  p o s s ib i l i ty  [34 ,47], bu t n o t a l l  [6 1 ], have 
concluded th a t  in  p ra c t ic e  t h i s  does not occur to  any s ig n i f i c a n t  
e x te n t . However, because i t  i s  a p o s s ib i l i ty  and could  in te r f e r e  w ith  
r e s u l t  in te r p r e ta t io n s ,  i t  can e a s i ly  be avoided by th e  use o f a 
washing s ta g e  w ith  ot-methyl-mannoside which d is p la c e s  th e  CON-A. One 
re p o r t  showed th a t ,  i f  CON-A i s  not washed o f f  when u s in g  a T - c e l l  
p r o l i f e r a t i n g  in d ic a to r  system , the  bound CON-A caused in c reased  
p r o l i f e r a t i o n  o f responder c e l l s  and reduced su p p resso r a c t i v i t y  [61 ]. 
In y e t an o th er r e p o r t ,  u s in g  a B -c e ll in d ic a to r  system , i t  was shown 
th a t  bound CON-A caused a dose-dependent su p p ress io n  o f a PWM 
s tim u la ted  PFC response , th i s  suppression was maximal a t  th e  
c o n ce n tra tio n  of CON-A found to  be optim al fo r  g e n e ra tio n  of 
su pp resso r c e l l s  [36 ]. These au th o rs  found th a t i f  a-m ethyl-m annoside 
was added to g e th e r  w ith  CON-A in a 48-hour p re -c u l tu re ,  no su p p resso r 
c e l l s  were produced. To check th a t  the su p p ressive  e f f e c t s  o f th e  
CON-A gen era ted  su p p resso r c e l l s  was not due to  c a r ry -o v e r  o f CON-A on 
such c e l l s ,  b u t due to  fu n c tio n a l suppressor a c t i v i ty  o f such c e l l s ,  
they  added cx-methyl-mannoside d i r e c t ly  to  the  c o -c u ltu re  and showed 
th a t  t h i s  d id  n o t in h ib i t  subsequent suppression o f Ig  s y n th e s is .  The 
same au th o rs  showed th a t  a f t e r  0 .3  M a-m ethyl-m annoside tre a tm e n t no
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CON-A was bound, s in c e  a f lu o resce in e -co n ju g a ted  fragm ent o f r a b b i t  
anti-CON-A Ab showed-up no su rfa ce  flu o rescen ce  [36] .
I t  has been suggested  th a t  even a f t e r  cx-methyl-mannoside 
0
tre a tm e n t, 10 CON-A gen era ted  suppressor c e l l s  would c a r ry -o v e r  30 -
40 ng CON-A to  th e  c o -c u ltu re . This amount i s  n o t su p p re ss iv e  when 
added d i r e c t l y  to  PWM stim u la ted  c u l tu re s ,  thus 0 .3  M 
cx-methyl-mannoside tre a tm e n t i s  e f fe c t iv e  a t  w ashing su rfa c e  bound 
CON-A [3 6 ,5 3 ] . In  t h i s  p ro je c t  washing a t  room tem peratu re  w ith  0 .3  M 
cx-methyl-mannoside was found to  be op tim al, s in c e  a lthough  u s u a lly  
e q u a lly  good, in  some i n i t i a l  experim ents, 3 mM tre a tm e n t was found to  
be inad eq u a te . O ther w orkers p re fe r  to  t r e a t  th e  CON-A g en era ted  
e f f e c to r  c e l l s  w ith  0 .3  M cx-methyl-mannoside fo r  30 m inutes a t  37 °C 
[4 1 ], o r a t  room tem peratu re  fo r  20 m inutes w ith  ot-m ethyl-m annoside 
[6 1 ]. Because th e re  i s  a s l ig h t  c a rry -o v e r  even a f t e r
ot-m ethyl-m annoside tre a tm e n t, some au th o rs  choose to  “p u ls e ” th e  
u n tre a te d  c e l l s  w ith  a s im ila r  dose of CON-A to  th a t  used to  g e n e ra te  
su p p resso r c e l l s ,  to  c o n tro l fo r  the  e f f e c t  o f CON-A i t s e l f
c a r r ie d -o v e r ,  b e fo re  bo th  pop u la tio n s  a re  t r e a te d  w ith  
cx-methyl-mannoside [3 6 ]. In  th i s  way, the  u n tre a ted  p o p u la tio n  i s  a 
b e t t e r  sham su p p resso r p o p u la tio n  s in ce  i t  removes th e  p o s s i b i l i t y  
th a t  su p p ress io n  i s  due to  CON-A i t s e l f  bound to  ' th e  c e l l  su r fa c e , 
r a th e r  than  due to  th e  fu n c tio n  of CON-A induced c e l l s  them selves. 
P u ls in g  i s  on ly  c a r r ie d  ou t fo r  a few m inutes, which i s  in s u f f ic ie n t  
tim e to  c re a te  su p p resso r c e l l  a c t i v i ty  in th e  u n tre a te d  c e l l  
p o p u la tio n , s in c e  a minimum of 24 -  48 hours is  n ecessa ry  fo r  op tim al
su p p resso r c e l l  a c t i v i t y  [61 ]. This however was n o t c a r r ie d  o u t in
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t h i s  p r o je c t .  F in a l ly , th e  use of CON-A in s o lid  form -  e .g .  bound to  
sepharose  beads -  can minimize c a rry -o v e r , bu t s in c e  in t h i s  form i t  
could  s t im u la te  B -c e lls  to  express su pp resso r a c t i v i t y  [5 3 ,6 0 ] , th i s  
was n o t-  used . Howeverr so lu b le  CON-A can s tim u la te  B -c e l l s  to  
p r o l i f e r a t e ,  b u t the  c e l l s  do n o t become sup p ress iv e  [47].
I t  was found th a t  th e  CON-A induced su pp resso r c e l l  a ssay , where 
su c c e ss fu l g e n e ra tio n  of sup p resso r a c t i v i ty  was ach ieved , as a ssessed  
in  a PWM s tim u la te d  IgG producing system , was h ig h ly  re p ro d u c ib le  
w ith in  one in d iv id u a l, and few normal in d iv id u a ls  were found who d id  
n o t respond su p p re ss iv e ly .
However, u sing  a m ito g en -s tim u la ted  or MLC in d ic a to r  c u l tu re  
(which undoubtedly  d e te c ts  d i f f e r e n t  Tg su b se ts  to  th a t  measured in  
a ssay s  o f B -c e l ls  resp o n ses) [1 ] , i t  has been s ta te d  th a t  12 -  15% o f 
a p p a re n tly  h e a lth y  normal s u b je c ts  cannot be s tim u la ted  by CON-A to  
induce su p p resso r c e l l s  [1 ,3 9 ] . I t  has been s ta te d  th a t  f a i l u r e  to  
develop su p p resso r a c t i v i t y  could be re la te d  to  h igh  and low responder 
s ta tu s  o f c e l l s  (d e te c te d  by h e te ro a n tis e ra ) ,  which in f lu e n c e s
su p p resso r c e l l s  [1 ] . I f  so, one would expect such a s t a tu s  to  be 
c o n s is te n t  in  one in d iv id u a l;  however, Dwyer [34] d id  n o t f in d  any 
normal in d iv id u a l who c o n s is te n t ly  f a i le d  to  develop su p p re sso r 
a c t i v i t y  a f t e r  s tim u la tio n  w ith  CON-A. In fa c t ,  i t  seems more ' l i k e ly  
th a t  v a r ia t io n s  per in d iv id u a l were due to  c y c l ic a l  changes in  th e  
re sp o n siv en ess  o f c e l l s  exposed to  CON-A, so th a t  n o t everyone would 
respond to  CON-A a t  any one tim e and in d iv id u a ls  may respond on some 
days and n o t o th e rs . S im ultaneously  comparing su p p resso r c e l l  a c t i v i t y  
g en era ted  by CON-A in  bo th  3- and 4-day c u ltu re , Dwyer found no normal
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s u b je c ts  who d id  n o t ex p ress  good su p p resso r c e l l  a c t i v i t y  on one of 
th e  two days. T his i s  o f co n s id e ra b le  im portance i f  th e  assay  i s  to  be 
ap p lied  to  c l i n i c a l  s tu d ie s ,  p a r t i c u la r ly  in RA, where f a i l u r e  to
respond to  CON-A could e rro n eo u sly  be a t t r ib u te d  to  d is e a s e . T h is  i s  
one o f th e  reaso n s why a B -c e ll  response was in v e s t ig a te d , s in c e  i t  
seems more re p ro d u c ib le . Another cause fo r  an ap p aren t la ck  of CON-A 
induced su p p resso r a c t i v i t y  in  c e r ta in  in d iv id u a ls  could  be due to  
spontaneous su p p resso r a c t i v i t y  in  u n tre a ted  c o -c u l tu re s ,  t h i s  would 
r e s u l t  in  poor su p p resso r a c t i v i t y  in CON-A tre a te d  c o -c u l tu re s ,  s in c e  
su p p ress io n  i s  c a lc u la te d  as a r a t i o  o f the  l a t t e r  to  th e  form er
(Dwyer and Johnson, unpublished  o b se rv a tio n ) . Haynes e t  a l .  [5 3 ], 
u s in g  a llo g e n e ic  c o -c u ltu re s ,  a lso  found th a t  in c e r ta in  in d iv id u a ls
th e  u n tre a te d  c e l l s  cause s tim u la tio n  o f responder c e l l s ,  and in  
o th e rs  su p p re ss io n . They found th a t  re p e a t c o -c u ltu re s  o f u n tre a te dI
c e l l s  from s u b je c ts  whose c e l l s  o r ig in a l ly  sup p ressed , dem onstrated  
subsequent c o n s is te n t  su p p ress io n  of PWM induced PFC re sp o n ses  in  
a llo g e n e ic  c o -c u ltu re s . T his c o r re la te d  w ith n o n -resp o n siv en ess  o f the  
donor of th e  u n tre a ted  c e l l s  to  PWM induced PFC. Thus, a 
non -responsive  s t a t e  to  PWM was a sso c ia te d  w ith  th e  p resen ce  of 
n a tu r a l ly  o c cu rrin g  su p p resso r c e l l s ,  which spon taneously  su p p ress  PFC 
responses to  th e  same e x te n t as d id  th e  CON-A induced su p p re sso r c e l l s  
from donors who responded norm ally  to  PWM. The n o n -resp o n siv en ess  to  
' t ’FG a f t e r  PWM s tim u la tio n  was n o t due to  an i n a b i l i t y  o f PWM to  
s tim u la te  th e  c e l l s ,  s in c e  b la s to g e n ic  response were equal to  th o se  in  
normal resp o n d ers , bu t was s o le ly  due to  spontaneous su p p re sso r c e l l s ,  
which do n o t need a 24-hour p re -c u l tu re  fo r  th e i r  in d u c tio n . Thus, 88% 
of norm als a re  resp o n siv e  to  PWM in a PWM induced anti-SRBC PFC assay
284
system , and 12% non responsive due to  con tam inating  
r a d ia t io n - s e n s i t iv e  spontaneous suppressor c e l l s ,  which a re  known to  
occur n a tu r a l ly  in  10% o f normals; norm als show c y c l ic a l  
resp o n siv en ess  and unresponsiveness to  PWM, so th a t  they  do n o t remain 
poor resp onders  [5 3 ]. L ikew ise, Schwartz e t  a l .  [62] a ls o  found 
u n tre a te d  c e l l s  suppressed  PWM induced IgG sy n th e s is  o f au to logous 
f r e s h  PB c e l l s ,  b u t u n lik e  the  above rep o rt where th i s  happened in 
only  12% of norm als, they  found i t  to  occur in a l l  c o -c u l tu re s .
In  th i s  th e s i s  p u ta t iv e  suppressor c e l l s  and u n tre a te d  c e l l s  were 
removed from th e  p re -c u l tu re  by a g ita tio n  w ith a rubber policem an and 
subsequent a s p ir a t io n  w ith  a g la s s  p ip e tte ,  as i s  recommended [4 6 ].
The n a tu re  o f th e  CON-A generated  suppressor c e l l s  and th e  n a tu re  
o f th e  spon taneously  o ccu rrin g  suppressor c e l l s  th a t  a re  sometimes 
d e te c te d  by t h i s  assay  a re  s t i l l  in debate. C e r ta in ly , i t  seems th a t  
CON-A induces a heterogeneous subpopulation o f c e l l s  to  suppress  
w ith in  g iven  system s and in  d i f f e r e n t  systems [3 7 ,4 7 ,6 9 ],' dependent on 
th e  c o n ce n tra tio n  o f CON-A used and the in d ic a to r  system  used to  
m onitor them. However, most re p o r ts  agree th a t th e  major su p p resso r 
c e l l  th a t  i s  tr ig g e re d  by CON-A is  a thym us-derived lymphocyte, m ainly 
of the  CD8+ phenotype. Thus d i f f e r e n t  subpopulations a re  involved in 
su pp ression  o f PWM s tim u la te d  Ig  sy n th es is  compared to  su p p ress io n  of 
MLC or mitogen s tim u la ted  T -c e ll  p ro l i f e r a t iv e  re sp o n ses. T h e re fo re , 
in fo rm ation  gained  from su ppression  of one in d ic a to r  system  may no t 
apply  to  o th e r  system s. Thus th e re  i s  a need fo r  c a re fu l  d e s c r ip t io n  
o f assay  co n d itio n s  in o rd e r to  be confiden t th a t  the  same su p p resso r 
c e l l s  perform ing the  same fu n c tio n s  are  being examined. For in s ta n c e ,
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as  reviwed by Dwyer [1 ] , 1) CON-A induced su p p resso r T - c e l ls  th a t
in h ib i t  Ig  p ro d u c tio n  from B -c e lls  a re  sa id  to  be m ainly T}' + , s te r o id
s e n s i t iv e ,  r a d ia t io n - s e n s i t iv e  and th eo p h y llin e  p o s i t iv e ;  2) CON-A
induced Tg c e l l s  th a t  in h ib i t  mitogen s tim u la ted  p r o l i f e r a t i o n  a re
p re se n t in  th e  Taj and Tr  p o p u la tio n s , a re  h is tam ine  re c e p to r  p o s i t iv e
and s te r o id  r e s i s t a n t  -  b u t t h e i r  p re c u rso rs  a re  s te r o id  s e n s i t iv e  -  ;
3) Tg c e l l s  th a t  in h ib i t  a llo g e n e ic  MLC are  m ainly THg"*" and most o f
th e se  c e l l s  a re  c y to to x ic , they  a re  s te r o id  r e s i s t a n t  and r a d ia t io n
in s e n s i t iv e  -  however t h e i r  p re c u rso rs  a re  no n -ad h eren t, s h o r t - l iv e d
and s l i g h t l y  r a d ia t io n  s e n s i t iv e  - ;  4 ) T -c e l ls  th a t  i n h ib i t  au to logous
MLR a re  r a d ia t io n  in s e n s i t iv e  and s te ro id  r e s i s t a n t .  CON-A su p p re sso r
c e l l s  a re  p r im a r i ly  found in  CD8+ CD11 su b se ts  which respond b e t t e r  
+ +to  CON-A than  CD8 CD11 c e l l s  [63], Spontaneous o c cu rrin g  su p p re sso r 
c e l l s  th a t  a re  som etim esdetected  in th i s  assay  seem to  e x i s t  in  th e
form of T- non-T- and a d h e re n t- c e l ls  [53], and may in c lu d e
ra d ia t io n - s e n s i iv e  PGE  ^ s tim u la te d  supp resso r c e l l s  th a t  re g u la te  IL-2 
p ro d uction  [6 4 ,6 5 ].
I t  was decided  to  ex p ress  th e  suppressor' d a ta  u s in g  a form ula 
th a t  would r e s u l t  in  n e g a tiv e  p e rcen tag es  i f  su p p ress io n  has o ccu rred . 
S im ila r form ulae have been used by numerous o th e r w orkers [5 4 ,6 6 -6 8 ]. 
R esu lts  were expressed  in  th e  c la s s ic a l  way in  term s o f CON-A 
c o -c u ltu re s  r e l a t iv e  to  u n tre a te d  c o -c u ltu re s . However, some w orkers 
have found th a t  r e s u l t s  can be expressed  r e la t iv e  to  f r e s h  c e l l s  when 
in s u f f ic ie n t  u n tre a te d  c e l l s  a re  a v a ila b le  [69]. Some a u th o rs  p re fe r  
th i s  method, [62,70] s in c e  th ey  have found th a t  u n tre a te d  c e l l s  
them selves suppress  IgG p ro d u c tio n  of responder c e l l s ,  however n o t
286
s ig n i f i c a n t ly  l ik e  CON-A tre a te d  c e l l s  do, and they  f e e l  th a t  
ex p ress io n  o f su p p resso r a c t i v i t y  r e la t iv e  to  u n tre a te d  c o -c u ltu re s  
could  th u s  lead  to  f a ls e  p o s i t iv e  r e s u l t s  fo r  reduced su p p resso r 
a c t i v i t y .  T h is  would su g g e s t“th e  ex is ten ce  of spontaneous su p p resso rI
c e l l s  in  th e  u n tre a te d  p o p u la tio n , as a lso  observed by Haynes [53].
I t  was shown th a t  th e  only  Ig  producing c e l l s  in  th e  c o -c u ltu re s  
were th e  responder c e l l s .  O ccasio n a lly , in d iv id u a ls  were found in  whom 
th e  e f f e c to r  c e l l s  (u n tre a te d  or CON-A t r e a te d ) ,  when s tim u la te d  w ith  
PWM a lo n e , d id  produce Ig ; Ig  p roduction  was however in s ig n i f ic a n t  
compared to  th a t  from f re s h  responder c e l l s  n o t p re -in c u b a ted  fo r  48 
hours (p e rso n a l o b se rv a tio n ) . T h is i s  in agreem ent w ith  d a ta  by Haynes 
[36 ,53] who found a n o n -e x is te n t or low plaque form ing response  (which 
i s  a r e f le c t io n  o f Ig  p ro d u c tio n ) in CON-A or u n tre a te d  c e l l s  s e t  up 
in  c u l tu re  a lo n e . One m ight have expected th a t  c e l l s  grown in  c u l tu re  
w ith  CON-A m ight n o t be ab le  to  be s tim u la ted  to  produce Ig  by PWM,- 
s in c e  any su p p resso r c e l l s  gen era ted  w ith in  t h i s  p o p u la tio n  would 
su p p ress  responses o f any rem aining B -c e lls  w ith in  th e  p o p u la tio n . 
However, to  ex p la in  th e  lack  o f response to  PWM from u n tre a te d  c e l l s  
a lone  d i f f e r e n t  reaso n in g  i s  re q u ire d . I t  could be argued th a t  th e re  
may be p r e f e r e n t ia l  lo s s  o f B -c e lls  du ring  the  48 hour p re -c u l tu re .  
T his i s  reaso n ab le , a )s in c e  i t  i s  known th a t  they  can e a s i ly  adhere to  
p l a s t i c ;  and b) s in ce  Dwyer [34] -  who s tu d ied  lo s se s  of lymphocytes 
in  c u l tu re  -  found th a t  many d ie  w ith in  the  f i r s t  24 hours o f c u ltu re  
and then  more slow ly; he found th a t  a f t e r  3 days th e re  was a 70% lo s s  
o f o r ig in a l  T - c e l ls  and 100% lo s s  o f B -c e lls  i f  no mitogen was 
p re s e n t. Thus th e  u n tre a te d  p o p u la tio n  w il l  c e r ta in ly  re p re se n t a
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d ifferen t population of c e l ls  to fresh c e l l s .  This i s  another reason 
why some workers advocate the use of fresh c e l l s  only for comparative 
purposes.
In agreement with other reports [53], only CON-A treated e ffec to r  
c e l l s  s ig n if ic a n tly  suppressed Ig synthesis from responder c e l l s  in 
the co-cu lture, whereas the untreated c e l ls  did not. In a few 
experiments i t  was observed that untreated c e l l s  e ither enhanced 
(probably due to lo ss  of short-lived  suppressor c e l l s )  [53,71,72] or 
suppressed (probably due to spontaneous suppressor a c t iv ity )  Ig 
synthesis from responder c e l l s .  In the former case a suppressor
a c t iv ity  would be overestimated, and in the second underestimated.
Because of known d ifferen ces in potency between d ifferen t batches 
of CON-A and PWM, the same batches were used throughout the 
experiments.
Combining the resu lts  gained from th is  project and the
litera tu re , CON-A induced suppressor a c t iv ity  of T- and B -ce lls  
responses has been shown to be not the resu lt of the follow ing  
a rtifa c tu a l explanations for the inhibitory phenomena observed: 1)
reduced c e l l  y ie ld ; 2) reduced c e l l  v ia b ility  of responder c e l l s ,
s ince v ia b i l i t ie s  in untreated-and CON-A co-cultures were sim ilar, 
i . e .  suppression occurs via a cy to sta tic  mechanism, not a cyototoxic  
one. I t  should be remembered however that there could be s e le c t iv e
k il l in g  of a sp e c if ic  population of c e l ls  responsible for the
immune response, whose numbers are re la tiv e ly  small and therefore not 
n o tic ib le  in c e l l  v ia b il ity  studies; 3) binding and/or inactivation  of
I
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mitogen used in co-culture; 4) exhaustion of in v itro  nutrien ts or 
overcrowding, since suppression was s t i l l  apparent at c e l l  d e n s it ie s  
far below those at which these p o s s ib il it ie s  could represent a problem 
(Fig. 4 .27 ); 5) CON-A carry-over; 6) thymidine degradation in
p ro lifer a tiv e  indicator systems; 7) cold thymidine production from 
macrophages or monocytes which could in h ib it DNA synthesis and 
p ro lifera tion  in p ro lifer a tiv e  indicator systems; 8) dead or dying 
suppressor c e l l s  releasing  tox ic  substances which could in h ib it  
responses of responder c e l ls ;  9) altered responder k in etics; 10) 
catabolism of IgG: 11) nor as a resu lt of aggregation of CON-A induced 
suppressor c e l l s ,  since these c e l l s  were resuspended before being 
placed in co-culture.
However, there i s  s t i l l  controversy in the litera tu re  over yet at 
lea st  another 5 possib le  a r t ifa c ts  that could explain the. inh ib itory  
phenomena of the so-ca lled  MHC unrestricted A g-non-specific CON-A 
induced suppressor a c tiv ity :
1) Of most in terest with respect to th is  project i s  that 
suppression may resu lt from removal or consumption of e sse n tia l  
nutrients, e .g .IL -2  by CD25+ suppressor c e lls ;  th is  argument has been 
applied not only as an explanation for suppression observed in mitogen 
or allo-Ag stimulated p r o life r a tiv e  systems, but^also account for PWM 
stimulated Ab producing systems [73,74] and for suppression of MLR 
[75]; th is  i s  said to remain a lik e ly  p o s s ib il ity ^ in  the lig h t  of 
experiments showing PHA activated c e l ls  or RAJI b la sts  [59] are able 
to suppress the stim ulation of responder c e l ls .  Further evidence for  
th is  argument is  that CON-A activated T -ce lls , that are pre-treated  
with IL-2, loose th eir  suppressive a b i l i t ie s  [73], and that
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cyclosporin-A -  known to in h ib it the expression of IL-2 r^ cefyt&rs  -  
inhib ited  suppressor a c t iv ity  determined in both PHA or allo-A g  
induced p ro lifer a tiv e  assays and PWM induced IgG synth esis  assays 
[73], and addition of IL-2 abrogates the suppression seen [75]; 
however i t  i s  an un likely  explanation where suppression of certain  
p ro lifera tiv e  responses i s  being examined, for example when 
mitomycin-C treated suppressor c e l ls  are added to mitogen stim ulated  
auto- or a llogen eic  c e l l s  or MLC, since such suppressor c e l l s  are in 
fa ct not p ro lifera tin g  (or only poorly), so they would not be binding 
enough IL-2 to warrant th is  explanation [59]. Removal or consumption 
of IL-2 by CD25+ suppressor c e l l s  could however be a p o s s ib il ity  in 
assays such as the one in th is  project, where B -ce ll synthetic  
responses are observed, since the putative suppressor c e l l s  are not 
mitomycin-C treated and therefore not inhibited from p ro lifera tin g , 
thus they could conceivably bind and consume large amounts of IL-2.
2) I t  has been suggested that th is assay does not measure 
suppression, but “re la tiv e  a b ility  to provide help**, s in ce  in 
p ro lifera tiv e  autologous indicator systems the le v e l of suppression 
has been found to be dependent on background counts [76]. In other 
words, high background counts may cause a r tifa c tu a lly  low suppression. 
This particular a r tifa c t  can be removed by using low mitogenic FCS, AB 
serum, or better s t i l l  serum-free ISCOVES medium [77]. The same 
authors found that responder c e l l s  were stimulated by mitomycin-C 
treated CON-A c e l l s  even a fter  CON-A removal by a-methyl-mannoside and 
in the absence of mitogen. Whether th is  was due to residual CON-A or 
altered suppressor c e l l s  membranes making them m itogenic, i s  not 
known. However, as long as the stim ulation is  le s s  than that by
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untreated c e l l s ,  since resu lts  are conventionally expressed re la tiv e  
to  those in untreated co-cultures, suppression would be observed. This 
stim ulation by CON-A treated c e l ls  is  not usually  reported, since  
backgrounds are usually subtracted before ca lcu la tin g  suppressor 
a c t iv ity . The authors therefore suggest that the conventional way of 
expressing suppresion is  inadequate and possib ly misleading.
_ 3 ) The fa ct that CON-A activated spleen c e l l s  suppressed the 
primary in v itro  immune response of syngeneic spleen c e l l s  to SRBC, 
but enhanced the in vivo anti-SRBC responses when transferred to 
syngeneic untreated mice, suggests that lymphocytes acting  
suppressive ly  in v itro  may be helper c e l l s  in v ivo, and that 
suppression in v itro  i s  therefore an a r tifa c t. A ltern atively , the two 
functions may be mediated by two d istin c t c e l l  subsets [78].
4) There could be exaggerated helper e f fe c ts  in control cu ltures  
(due to lo ss  of SLSA), since no suppression is  sometimes observed i f  
reu lts  are expressed re la tiv e  to fresh c e l ls  alone [53 ,71 ,72].
5) D efective CON-A induced suppressor a c t iv ity  may r e f le c t  any of 
the follow ing, rather than a defect in the CON-A induced suppressor 
c e l l s  themselves: a) excess spontaneous suppressor a c t iv ity
[53,62,70]; b) a blocked or fau lty  second receptor s i t e  for CON-A to
stim ulate suppressor a c t iv ity  [39] - despite a normal s i t e  for
blastogenic transformation - ,  because some normals p ro lifera te  w ell 
with CON-A but show poor CON-A induced suppressor a c tiv ity ;  c) excess 
non-suppressor T -c e lls  (e .g . excess CD4+ c e l ls )  which d ilu te  but the 
T,, c e l ls ;  d) d efective  responses of T-, B- or monocytes to suppressive
D
sign als; e) lack of suppression of MLC due to the HLA-D locus on
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a llogen eic  c e l l s  being too a lik e that on autologous c e l l s ,  so that 
there i s  no reaction to suppress; f )  excess contrasuppressor c e l ls  
amongst TH^  (CD4+ CD8 CD3+) helper c e l l s  [1 ,79] or amongst CD8+ 
c e l l s  [80], that in h ib it suppressor c e l l s .
The ce llu la r  and soluble factors (A g-sp ecific  and/or 
MHC-restricted and non-Ag sp e c if ic )  required for Ag-non sp e c if ic  
suppressor T -c e ll activation , growth and d ifferen tia tio n  remain poorly 
understood and appear complex. They seem to vary depending on the 
suppressor c e l l s  in question. For example, for optimal CON-A induced 
suppression of PWM stimulated Ig synthesis by CD8+ c e l l s  require CD4+ 
HLA-DR+ (probably Tg^ -j.) to supply important regulatory lymphokines. 
For optimal CON-A induced suppression o f MLR by CD8+ c e l l s ,  CD4+ 
HLA-DR+ and CD8+ Leu-8+ and CD8+ Leu-8 c e l ls  are needed.For optimal 
suppression o f PHA stimulated p ro lifera tio n , CD8+ c e l l s  require low 
density  (activated ) macrophages, probably in order to supply IL-1 
and/or fa tty  acid products (e .g . PGE )^ ^ ■ ^or optimal PWM induced 
suppression of PWM stimulated CD4+ c e l l  p ro lifera tion  by CD8+ CD11+ 
CD28 c e l l s ,  the follow ing conditions are required: the CD8+ ce^ls
must be activated via  PWM stim ulation of the T -ce ll receptor by 
monocytic A g-presenting-cells. Tg^j c e l l s  must supply Tg growth factor  
an 8,000 MW lymphokine [81] to stim ulate IL-2 receptor expression and 
la ter  produce IL-2 to stim ulate CD8+ c e l l  p ro lifera tio n . The CD8+ w ill  
d iffe r e n tia te  follow ing production from monocytes and r-IFN from 
CD4+ c e l l s  [82]. In animal models, IFN-f? may be a Tg factor necessary 
for stim ulating CON-A induced suppressor c e l l s ,  that subsequently 
function v ia  a suppressor immune response substance (SIR S)-like IFN-Tg
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factor [83].
Analysis of the e ffecto r  arm of Ag-non-specific suppressor T -ce ll  
responses i s  revealing equally complex networks of c e llu la r  and 
hormonal in teraction s (Ag- and Ag-non-specific soluble fa c to rs). For 
example, CON-A induced suppression of PWM stimulated IgG synthesis in 
mice seems to involve production of an -SH containing SIRS molecule 
(44 -  55 kda) which i s  oxidised by macrophages to a disulphide 
containing a ctive  SIRS, which in turn in h ib its B -ce ll IgG synthesis  
[84]. In man, CON-A activated mononuclear c e l ls  produce soluble immune 
suppressor substances that function via glycoprotein receptors and 
in h ib it T -ce ll p ro lifera tio n , ca lled  “SISS-T*‘ [85] and in h ib it B -ce ll 
synthetic responses, ca lled  “SISS-B“ [86]. I t  has been suggested that 
the CON-A induced suppression may even be mediated by r-IFN in man 
[87].
I
Using th is  assay to compare CON-A induced suppressor a c t iv ity  in
various populations, RA NSAID were found to be s ig n if ic a n tly  d efective
in suppression of IgG and IgM synthesis, in agreement with numerous
papers [88-91]. The d efectiv e  suppression of IgM synthesis was far
worse than that of IgG. This is  perhaps . surprising in view of the
"tWa-n I<^M
fact that RA is  characterised by^uncontrolled production of Ig& RF^  
[9 2 ] .No correlation  was found between CON-A induced suppressor
a c t iv ity  and d isease duration, although various reports suggest that 
CD8+ c e l ls  [89,91] and CD45R+ c e l l s  [90] are low in early RA, which 
could be an explanation for the defect observed by some [89] at th is  
stage in the d isease. The fa ct that in th is  project the d efect was
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found to p e r s is t  even la te  into the disease course, when various 
reports suggest CD8+ c e l l  numbers are not so abnormal [91], would 
suggest that the functional defect is  dependent on other factors apart 
from CD8+ c e l l  numbers. I t  i s  possible that dose/response curves to
CON-A for optimal CON-A induced suppressor a c t iv ity  d if fe r  in the
patient groups compared to the normals. -As such i t  has been suggested  
that 3 - 4  concentrations of CON-A should be compared, sin ce  an 
apparent lack of response to CON-A could simply r e f le c t  a s h if t  in the 
concentration of CON-A needed for maximum suppression a c t iv ity ;  
however because of the large quantity of blood required for th is  assay  
only one dose of CON-A was used in comparative experiments between 
patient groups. However, in three RA NSAID p atien ts, in whom enough 
blood was obtainable, no a lteration  in dose/response curve was
observed. I t  is  a lso  of course possib le that, on the day ,of
in vestigation , the RA NSAID c e l l s  were in sen sitive  to CON-A, due to
c y c lic a l changes in reponse to CON-A. As such, reproducib ility  stu d ies  
in patien ts should have been carried out. However, the fa c t that the 
majority of RA NSAID were very defective suggests that a genuine
defect e x is ts ,  and that th is  is  not due to c y c lic a l varia tion s.
Patients who did not respond to PWM were avoided in th is  project, thus 
th is  could not account for the defective suppressor a c t iv ity . Equally, 
one cannot rule out the p o ss ib ility  that the d efects  are fa ls e  
p o sitiv e  re su lts  due to excess sponstaneous suppressor a c t iv ity
[53 ,62 ,70], p a rticu larly -sin ce excess spontaneous suppressor c e l l s  
have been noted in RA [107]. I t  must of course not be forgotten that a 
normal or near-normal suppressor a ctiv ity  in v itro  does not rule out 
the p o ss ib ility  of a d efect in vivo and i t  is  not known whether
d efectiv e  suppressor a c t iv ity  r e f le c ts  d isease a c t iv ity  or sp e c if ic  
d isease  aetiology.Longitudinal studies are therefore needed to  
correlate phenotypic and functional d efects.
There was no evidence of more d efective CON-A induced suppressor 
a c t iv ity  in RA NSAID patien ts with EAD (which usually is  the resu lt of 
v a sc u lit ic  le s io n s ) . Other reports did show more d efects in p atien ts  
with EAD [93]. Considering that increased v a scu lit ic  lesio n s in SLE 
and systemic s c le r o s is  have been associated with high background ROS 
production and high factor VIII lev e ls  [94], the finding of no 
d ifferen ces between +EAD and -EAD may indicate that background ROS 
production is  no greater in RA NSAID with EAD, than in those patien ts  
without EAD. '
CON-A induced suppressor a c t iv ity  did not correlate with RF 
le v e ls , thus a l l  p atien ts were grouped together. However some reports 
suggest that the defect i s  worse in seropositive d isease [93]. CON-A 
induced suppression of IgG or IgM synthesis did not correlate with any 
c l in ic a l  indices of d isease a c t iv ity , apart from suppression of IgM 
synthesis and ESR, however th is  does not necessarily  imply that they 
are pathognomically related .
Despite the unanimous agreement in the litera tu re  that aging is  
associated with a ltera tio n s in the immune system, there are 
differences in opinion as to what these a ltera tion s involve. Of 
relevance to th is  th esis  is  the observation by some authors of 
decreased numbers of CD8+ c e l l s  with 3ge, resu ltin g  in reduced 
suppressor c e l l  function, w hilst others suggest that d e fic ie n t
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suppressor c e l l  function [95] as a consequence of age [96] i s  due to 
an in tr in s ic  functional d efect, despite normal numbers of CD8+ c e l l s  
[97]. Most agree that aging resu lts  in an increased production of 
auto-Ag and i s  associated with increased B -ce ll r e a c tiv ity , leading to 
auto-Ab production and immune complex formation. Thus aging is  
frequently associated with an increased incidence of autoimmune 
disease . As such, a relationsh ip  between age and d efectiv e  suppressor 
a c t iv ity  in RA NSAID was sought: however, none was found to e x is t .
Some caution needs to be given in interpreting resu lts  from RA 
NSAID p atien ts -  and even perhaps those from AS/PSA p a tien ts , many of
I
whom were a lso  on NSAIDs as and when needed - .  There are in fa ct  
c o n flic tin g  reports on the influence of PGE0 on suppressor a c t iv ity :  
some reports suggest that PGE2  i s  a necessary d ifferen tia tio n  factor  
for the induction of certain  suppressor c e l ls ,  e .g . PWM. induced T^  for
iD
in h ib itin g  T -ce ll p ro lifera tion  [82], and for stim ulation of 
spontaneously active T- and non-T suppressor c e l l s  that regulate IL-2 
production [64 ,65]. Others suggest that i t  reduces the generation of 
CON-A induced suppressor c e l l  a c t iv ity  in p ro lifera tiv e  indicator  
systems [98,99,100], since in v itro  indomethacin treatment of c e l l s  
increased CON-A induced suppressor c e l l  a c tiv ity  [101], and in vivo  
treatment of an RA patient with indomethacin improved subsequent CON-A 
induced suppressor a c t iv ity  by stim ulating the p ro lifera tiv e  response 
of untreated c e l l s  and increasing the inhibitory e f fe c ts  of the CON-A 
treated c e l l s  [108], S t i l l  others would suggest that exogenous PGE^  
might in h ib it PGE2 ~producing rad iosensitive T^  c e l l s  that regulate IgM 
RF synthesis, and that NSAID treatment could stim ulate th is  [102].
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PGE2  might in h ib it PGE2 ~producing g lass adherent suppressor c e l l s  (T,
+
B, or monocytes) that inh ib it CD4 c e l ls  r-IFN production, and PGE0 
might in h ib it Tg function controlling mitogen stimulated T -ce ll 
p ro lifera tio n  [103] and EBV-stimulated T -ce ll p ro lifera tion  [104], 
NSAID treatment might in h ib it these adherent suppressor c e l l s  and 
therefore subsequently stim ulate Tg a c tiv ity . in h ib its  IL-2
production, but not CD25 expression, i f  IL-2 is  a necessary growth 
factor for suppressor c e l l  development, PGE0 could in h ib it subsequent 
suppressor c e l l  induction and NSAID treatment could stim ulate ' i t  
[105]. Enhanced s e n s it iv ity  of radiosensitive CD8+ suppressor c e l l s  to 
the stim ulatory e f fe c ts  of PGE2 ~Pjroducing monocytes [106] could resu lt  
in excessive suppressor a c t iv ity  and d efective  IL-2 production, 
and d efectiv e  p ro lifera tiv e  responses and AMLR that are observed in RA 
[107]. Some reports have suggested that short lived suppressor 
a c t iv ity  and PGE2 ~producing monocytes may be the same or overlapping 
phenomena, but others disagree. CON-A induced suppressor c e l l s  are 
said not to act v ia  PGE2 , but are said to be regulated by 
PGE2 “Producing suppressor c e l l s ,  therefore exogenous could
in h ib it the la tte r  and the former, whereas NSAID treatment could 
stim ulate the former and in h ib it the la tter  [98]. I t  may a lso  suggest 
that d efective  CON-A induced suppressor a c tiv ity  in RA could be due to  
excess s e n s it iv ity  to inhibitory e ffe c ts  of PGE^  or excess number or 
potency of PGE2 ~producing c e l ls .
Perhaps the discrepancies are not surprising in view of the 
bimodal action of the which acts both as a pro- and
anti-inflammatory agent. Thus, i f  PGE2  is  needed for suppressor c e l l
297
induction, NSAID treatment could a r tifa c tu a lly  worsen CON-A induced 
suppressor a c t iv ity , whereas i f  PGE0 in h ib its suppressor a c t iv ity ,C,
NSAIDs could a r tifa c tu a lly  increase CON-A induced suppressor a c tiv ity . 
However, in th is  project, suppressor defects were s t i l l  observed in RA 
p atien ts who had been on NSAID for greater than 6 months, and no 
d efec ts  were observed in AS/PSA patients taking NSAID. This finding  
would suggest that NSAID probably have not a r tifa c tu a lly  decreased 
suppressor a c t iv ity , since d efects could be observed in AS too, 
however i t  does not rule out the p o ss ib ility  that these drugs could 
have increased suppressor a c t iv ity , normalising i t  in AS/PSA patien ts
-  who showed mild d efects in the f ir s t  place -  and improving i t  in RA
-  who showed major d efects  in the f ir s t  place. I f  such i s  the case, 
the suppressor c e l l  d efect may have been even worse in the RA NSAID 
group before treatment. Of in terest is  the fact that one paper showed 
increased CON-A induced suppressor a c tiv ity  for suppression of to ta l  
Ig synthesis in AS p atien ts on NSAID compared to normals [28], 
suggesting that NSAID treatment could be causing stim ulation of 
suppressor a c tiv ity ;  however, the same p atien ts showed normal 
suppression of PHA stimulated T -ce ll responses [28]. Because of the
4-
known heterogeneity of CD8 suppressor c e lls  involved in T -ce ll and 
humoral c e l l  responses, resu lts  of the la tter  report might indicate  
that CD8+ c e l l s  suppressing humoral responses are PGE0 se n s it iv e , but 
those suppressing c e l l  mediated responses are not, which p a ra lle ls  the 
known steroid  s e n s it iv ity  of these two populations [1 ]. However, th is  
interpretation is  un likely  in view of the fact that some of the papers 
looking at the ef f e° t s  on suppressor function, found that i t
influenced CON-A induced suppression of mitogen stimulated T -ce ll
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responses too [98 ,99,100]. In the above paper [28] where suppression 
of the humoral responses was also studited, no experiments were 
conducted to look at suppression of individual subclasses of Ig. Of 
in terest in th is  respect is  the observation in th is  th esis  that in one 
RA NSAID patien t in whom suppression of T- and B- responses v?as 
examined together with the the short-lived suppressor assay, d e fec tiv e  
suppression of IgM synthesis, defective SLSA and d efective  suppression  
of T -c e ll responses -  but re la tiv e ly  normal IgG suppression -  were 
found. Thus, i t  is  in teresting  to speculate that perhaps NSAID 
treatment improves d efective  suppression of IgG synthesis but has no 
e f fe c t  on suppression of IgM synthesis. In tlhis respect i t  should be 
noted that the RA NSAID patients showed more d efective  suppression of 
IgM than IgG, and that there was a lack of correlation  between the 
two. This im plies that d ifferen t mechanisms are involved in IgG and 
IgM suppression, perhaps acting via different subsets of T -c e lls  that 
show d iffe r e n t ia l PC^ s e n s it iv ity  and regulate d ifferen t subsets of 
B -c e lls , and only those regulating IgG synthesis being PGE^  s e n s it iv e .  
A lternatively , one could speculate that d ifferen t subsets of B -ce lls  
make sp e c if ic  Ig, and those producing IgM are le s s  s e n s it iv e  to  
suppressor stim uli than are IgG producing subsets.
Thus several possib le  a r tifa c ts  might be introduced into in v itr o  
suppressor models by NSAID treatment alone. One is  an increased 
suppression in the CON-A induced suppressor assays [101,108,109]. 
Secondly, there could be a reduced spontaneous suppression of PWM 
stimulated RF PFC [110]. NSAID could decrease PWM-induced suppressor 
a c tiv ity  for in h ib itin g  CD4+ c e l l  proliferation  [82], and perhaps
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in h ib it mytomicin-C, rad ia tion -sen sitive  spontaneous suppressor c e l ls  
that regulate IL-2 production [107]. Because good correlation  in 
time-course of exposure to CON-A was found between p ro lifera tion  tin 
response to CON-A and generation of suppression in response to CON-A 
[101], i t  has been suggested that one should avoid p atien ts showing 
hyporesponsiveness to CON-A in p ro lifera tive  assays when looking at 
CON-A induced suppressor a c tiv ity , since these p atien ts  would probably 
show poor suppressor a c t iv ity  not because of d efectiv e  Tc c e l l s ,  but 
due to excess (known to in h ib it T c e l l  p ro lifera tio n ) or excess
s e n s it iv ity  to inhib itory e ffe c ts  to ^  wou^  a lso  suggest that
patien ts on NSAID should be avoided since by stim ulating subsequent 
mitogen-stimulated p ro lifera tiv e  responses, i t  could fa ls e ly  improve 
suppressor a c t iv ity  [101].
D ifferent e f fe c ts  may occur when NSAID are given in combination 
with second lin e  drugs, as often occurred in p atien ts in th is  project. 
This could resu lt in improved spontaneous suppressor a c t iv ity , and
increased HAGG stimulated Bg a c t iv ity  of PWM stimulated RF PFC [110].
Therefore, caution needs to be given when analysing data from in 
v itro  suppressor assays using c e l l s  from patients on NSAID treatment. 
What one rea lly  would need to investigate are p a tien ts  with active  
syn ov itis  on no treatment at a l l ,  they of course are rarely available  
since they would only be on no treatment i f  by personal prefence. A 
second p o ss ib il ity  was f e l t  e th ic a lly  incorrect, that i s  to Withold 
treatment for the purpose of research. In terestin g ly , in one paper
where NSAIDs were witheld for 36 hours and none of the p atien ts were
on second lin e  treatment for at lea st three months or stero id s for at
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lea st  one month, CON-A induced suppressor a c t iv ity  for suppression of 
CON-A stim ulated autologous T -ce lls  p ro liferation  and for suppression 
of MLR, and SLSA were s t i l l  shown t;o be d efective  [55] . As such, RA 
NSAID remain the population used in stud ies in vestigatin g  
immunoregulation in RA.
Further caution needs to be given regarding the use of PWM in the 
indicator system. PWM is  a polyclonal B c e l l  stim ulator that induces 
the d ifferen ta tio n  of B c e l ls  in various inaturational stages, and many 
of these c e l l s  are mature lymphocytes which are committed to high 
rates of Ig production [111], which might each require additional 'or 
d ifferen t regulatory s ig n a ls . Furthermore, only a small percentage 
(50%) of the to ta l B -ce ll population is  stimulated by PWM, and the 
p o s s ib il ity  e x is ts  that Ig production by other c la sse s  of B -c e lls  (not 
stimulated by PWM) may vary.in  th eir  k in etics and/or su sc e p tib ility  to  
CD8+ mediated suppression that i s  not tested by th is  assay. Thus, the 
PWM stim ulated indicator system represents probably a very complicated 
model for studying regulatory e f fe c ts ,  and may not g ive complete 
information. Thus, perhaps, other B -ce ll activators should a lso  be 
used to more fu lly  assess regulatory mechanisms in RA, p articu larly  in 
view of the fa ct that excess CD5+ B -ce lls  are observed in RA [23], 
which are an immature subpopulation of the B -ce lls  and may be 
modulated d ifferen tly  to PWM+ B -c e lls  examined by th is  assay. Assays 
therefore need to be devised to look at immunoregulation of the CD5+ 
c e l l s ,  p articu larly  in the knowledege that these c e l l s  are committed 
to auto-Ab production [25] (e .g . RF) known to be raised in RA, and 
that these c e l l s  may w ell be important in the setting-up  of the immune
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response repertoire by a framework of s e lf - r e a c t iv i t ie s  and of 
reactions with external Ag v ia  an interconnecting id io typ ic  network. 
Thus, d efectiv e  suppression of these c e l ls  -  whether by Tg c e l l s  or Fc 
mediated suppression -  could allow their uncontrolled d ifferen tia tio n  
into RF producing plasm a-cells.
In agreement with the litera tu re  [28], AS/PSA p atien ts showed no 
suppressor d efects  of IgG or IgM synthesis. Likewise, Victorino [112]
-  studying SLSA and CON-A induced suppression of T -c e ll responses in 
p atien ts with in fectiou s d iseases without immunological d isorders 
(pneumonia, chronic untreated amoebic c o l i t i s  and urinary in fec tio n s)
-  showed no a ltera tion s in suppressor c e l l  functions. His report, 
together with resu lts  in th is  project, suggest that inflammation per 
se does not lead to suppressor c e l l  dysfunction.
A control SLE group showed very s ig n ifica n t d efectiv e  suppression 
of IgG and IgM synthesis in agreement with several reports [12,113]; 
in agreement with a recent report [12] these p a tien ts showed more 
d efective  suppression of IgM than IgG synthesis.
/
The RA D-PEN/AU p atien ts showed defective IgG suppression but 
normal IgM suppression. I t  was proposed that increased drug doses or 
a ltern ative  drug treatment should be considered. In the two p atien ts  
showing worst a c t iv ity , one had been on D-PEN for only 4 months 
which could indicate an in su ffic ie n t length of time for a b en e fic ia l  
e f fe c t  to be seen - ,  and the other probably required altered treatment 
since she had been on gold s a lt s  for 37 months. In terestin g ly , both 
p atien ts were seronegative (a condition associated with milder RA),
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and sy n o v itis  was mild in one and absent in the other, suggesting  
surprisingly  that immunological d efects can p ers is t  d esp ite  c l in ic a l  
improvement in terms of sy n o v itis . This is  possib le in view of the 
long half l i f e  of T -c e lls , thus functionally  d efective  T -c e lls  could 
p ersis t  a fter  reduced inflammation and reduced ROS production. The 
fact that IgM -  but not IgG - suppression was d efectiv e  in th is  
patient group could imply that sulphydrate drugs p referen tia lly  
normalize Tg a c t iv ity  involved in regulating IgM synthesis: th is  would 
seem strange i f  a common mechanism is  proposed for the mode of action  
of sulphydrate drugs, namely the reduction of oxidised ■ fu nctionally  
important -SH groups on CON-A induced suppressor c e l ls .
D efective CON-A induced suppression of mitogen.stimulated T -ce ll  
responses was a lso  observed in the few RA patients who were studied, 
in agreement with various reports [88].
I t  i s  hypothesised that the CON-A induced d efective  suppressor 
a c tiv ity  of B -ce ll responses in RA NSAID and some RA D-PEN/AU is  due 
to oxidation of functionally  important membrane -SH groups on Tg 
c e l l s ,  p articu larly  in view of the ameliorating e f fe c t  noted when 2-ME 
or D-PEN were added to cultures of RA NSAID c e l ls ,  or when 2-ME was 
added to those cultures from RA patients on sulphydrate drugs s t i l l  
showing d efective  suppressor a c t iv ity . This p o s s ib il ity  i s  further 
substantiated by the fact that RA patients on sulphydrate drugs showed 
le ss  d efects than those on NSAID treatment, and that PHMPSA treatment 
of normal c e l l s  blocked the a c t iv ity  of the suppressor c e l l s ,  and 
f in a lly  by the fact that serum -SH levels  correlated with CON-A 
induced suppressor a c t iv ity  when a l l  patients and normals were
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considered together. I t  is  lik e ly  that -SH group oxidation of CON-A 
induced Tg c e l l s  controlling mitogen stimulated T -c e ll responses i s  
also  responsible for the defects shown here, sin ce 2-ME treatment in 
the few RA NSAID patien ts studied did ameliorate th is  d efect.
In terestin g ly , in the one RA NSAID patient where a l l  suppressor 
assays were used, d efective  SLSA, defective CON-A induced suppression 
of IgM and mitogen stimulated T -ce ll p ro liferation  but r e la t iv e ly  
normal IgG suppression were observed. Where the d efects  in th is  
patien t were more prominent, 2-ME treatment had the greatest  
am eliorating e f fe c t s .  This patient is  in terestin g  for two further 
reasons. F ir s t ly , she had secondary Sjogren's syndrome - a condition  
defined as “dryness of eyes and mouth as a re su lt  of lymphocyte 
p ro lifera tion  and in filtr a tio n  into the exocrine glands where 
increased IL-2 le v e ls  and CD25 expression is  observed“ , commonly 
associated with reduced CD8+ c e l l  numbers and d efec tiv e  suppressor 
T -c e ll function [114], a lso defective AMLR and increased CD5+ c e l l  
numbers, leading to B -ce ll hyperactivity reflected  in polyclonal 
hypergammaglobulinemia, particu larly  IgGl, and auto-Ab production, 
including IgM RF sp e c if ic  for IgGl responsible for the v a s c u lit is  and 
neuropathy that often occur. Secondly, she served to i l lu s tr a te  the 
need to look at several suppressor assays in the same individual in 
order to b etter assess the suppressor c e ll  sta tu s, because if" only 
suppression of IgG had been reported, the in vestigator would have 
thought that the suppressor c e l l  status of th is  patient was not 
p articu larly  d efectiv e . However, by reporting re su lts  from other 
assays, d efects were noticed. The lack of p articu larly  d efectiv e  IgG
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suppression is  in agreement with one report [115]. Unfortunately, i t  
was not p ossib le  to perform such a complete an alysis for a l l  subjects  
due to in su ffic ie n t  blood. Likewise, in another report [116] d efectiv e  
CON-A induced suppression of T -ce ll p ro lifera tion  in Crohn's d isease  
was observed, but in the same d isease no d efect in suppression of IgM 
synthesis was observed [116]. This further i l lu s tr a te s  that suppressor 
systems influencing T- and B -ce lls  are probably d is t in c t  [66,117] and 
that the presence of an impairment of a given suppressor c e l l  function  
does hot preclude the existence of other c e l l s  exerting suppressor 
functions [118-120].
D efective SLSA was also observed in RA NSAID p atien ts in
agreement with various reports [54], and may be of more b io lo g ica l
sig n ifica n ce  than CON-A induced suppressor a c t iv ity , since the former
is  thought to measure spontaneous suppressor c e l l s .  However, the CON-A
induced suppressor assay may w ell be of b io lo g ica l relevance in that
i t  represents latent immunological suppressor a c t iv ity , and the
suppressor c e l l s  for the suppression of PFC [121] and T -c e ll
p ro lifera tion  [122,123] appear to be drawn from the same population of
T-lymphocytes activated in the AMLR. The AMLR is  a p h ysio log ica lly
important reaction producing helper, suppressor, and cytotox ic
lymphocytes when T -ce lls  p ro lifera te  in response to xenoantigens on
non-T c e l l s ,  and is  important for maintaining tolerance. As such, the
CON-A induced suppressor c e l l  assay may in d irectly  measure suppressor
a c t iv ity  in the AMLR. One could again speculate that d efectiv e
SLSA in RA NSAID indicated a common mechanism for d efectiv e  a c t iv ity ,
!
namely oxidation of functionally  important -SH groups, but 2-ME was
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not added to such cultures to confirm th is; however, ind irect evidence 
for th is  comes from the fact that RA patients on sulphydrate drugs 
showed normal SLSA. A control SLE group .also showed d efectiv e  SLSA, in 
agreement with other reports [124].
Because of the p o s s ib il ity  that the hyporesponsiveness of SLE and 
RA NSAID to mitogenic stim ulation per se could p ossib ly  account for  
the d efec tiv e  SLSA observed, correlations between p ro life r a tiv e  
responses to CON-A and SI were sought. In common with Victorino [112] 
the conclusion was that in normals SLSA was evident in those 
individuals who exhibited both high and low responses to CON-A, and 
that even at low p ro lifera tiv e  responses equivalent to those obtained 
with RA or SLE c e l ls ,  normal SI were observed. Thus showing that
3
reduced H-TdR incorporation per se does not lead to low SI, 
suggesting that the assay is  not an a r tifa c t . Furthermore, the inverse 
relationsh ip  found within normals, between the suppressor a c t iv ity  and 
the mitogen response, i s  the expected one, were sh ort-lived  suppressor 
c e l l s  to be a ffectin g  the response to mitogens in v itro . Two other 
research groups [125,126] have reported a sim ilar inverse relationsh ip  
in normals. However ,th is  relationship  does not appear to hold for RA 
and SLE: in such d iseases factors other than sh ort-lived  suppressor 
a c t iv ity  must be responsible for the depressed lymphocyte responses to
I
the mitogens, lik e  changes in the ca p a b ilitie s  of e ffec to r  c e l l s ,  and 
in vivo prior activation  or the presence of soluble substances 
produced by macrophages that in h ib it lymphocyte r e a c t iv ity  in v itro , 
as recently  shown in SLE [127].
A review of the litera tu re  shows that sulphydrate drugs improve
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and in some cases enhance suppressor a c tiv ity  of RA p atien ts compared
to normals in various in v itro  models. These drugs improve SLSA for
suppression of T -ce ll responses [129], improve spontaneous suppressor
a c t iv ity  for suppression of PWM stimulated RF PFC [110], improve CON-A
both
induced T -c e ll suppression of A T -ce ll responses PHA Emulated
p ro lifera tion  [128,129] &MLR [68] and B -cell responses -  that i s  Ig 
secretion  - [11], but decrease HAGG stimulated B -ce ll suppression of 
PWM stim ulated RF PFC [110]. Longitudinal stud ies need to be carried  
out to see whether sulphydrate treatment causes improvement in 
suppressor a c t iv ity  as assessed by various suppressor assays, and 
whether th is  amelioration p a ra lle ls  a normalisation of membrane and 
serum -SH groups. Sulphydrate drugs p referen tia lly  up-regulate fa st  
reacting -SH groups [130]. Whether these are important in ce llu la r  
functions, or whether i t  i s  the slow reacting -SH groups that are more 
important, remains to be seen. I t  could be speculated that i f  slow 
reacting -SH groups are more important for c e l l  function, then th is  is  
the reason why these drugs do not cure the d isease.
Further evidence for a common mechanism for d efective  suppressor 
a c t iv ity  in RA came from the fact that a trend towards a correlation  
between the CON-A induced suppressor a c tiv ity  for suppression of 
B -ce ll responses and SLSA was observed in th is  project, and from a 
previous s ig n if ic a n t correlation observed by another author [112] 
between CON-A induced suppression of T -cell p ro lifera tiv e  responses 
and SLSA in 12 patien ts with inflammatory bowel d isease , which 
suggests that the two functions may be related. The relationsh ip  
between these two te s t s  has not received much attention  in the
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lite r a tu r e , and although d efects  in both, within an individual d isease  
have been observed (e .g . SLE and chronic active h e p a tit is ) , the t e s t s  
were rarely  performed in the same patient, thus the actual
relationsh ip  could not be assessed [124,126,131-133]. In other 
stu d ies, in contrast, excess SLSA has been detected -  for example in 
patien ts with disseminated fungal in fections [134], in whom a
d efective  CON-A induced suppressor a c tiv ity  has been said to be found 
[118]. Other workers who looked d irec tly  at the re la tio n sip  between
SLSA and CON-A induced suppression of T -cell responses [72,124,135] 
found that pre-incubating c e l l s  for 24 hours before exposure to CON-A 
reduced th eir  capacity to be induced by CON-A to act suppressively, 
suggesting that the CON-A inducible suppressor c e l l s  may themselves be 
short-lived! However, a fter  24 hours in culture the s itu a tio n  a lte r s ,  
and CON-A induced suppressor c e l l s  are ea sily  activated . Even a fter  an 
8-day pre-culture period these c e l l s  can be activated [1 ], suggesting  
that a considerable number of spontaneous suppressor c e l l s  d ie  in the 
f i r s t  24 hours in cu lture, perhaps releasing tran sien tly  reacting  
suppressor substances into the culture medium that in turn prevent 
activation  by CON-A of other suppressor c e l l s .  After th is ,  the 
putative suppressor c e l l s  d ie  more slowly, so that CON-A induced
suppressor a c t iv ity  can occur.
To prove that d efectiv e  CON-A induced suppressor a c t iv ity  was due 
to surface -SH oxidation, the e ffe c ts  of both PHMPSA and Ho09 were 
assessed. Despite th eir  d ifferen t modes of action, both were found to 
in h ib it CON-A induced suppressor a c tiv ity  of B -ce ll responses in a 
dose-dependent manner in both normals, AS and RA D-PEN/AU p a tien ts .
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The fact that H ,^  often did not to ta lly  abolish suppressor a c t iv ity  
is  probably due to the fact that CON-A induces mainly CD8+ c e l l s  but 
perhaps a lso  CD4+ to function suppressively, and both these c e l l s  may 
co ex ist with other non-T suppressor c e l l s ,  lik e  neutrophils, 
monocytes, macrophages and B -c e lls , a ll  of which are le s s  se n s it iv e  to 
in h ib ition  by ^ 0 2  than CD8+ c e l l s  [136]. Leaving HgP9 in RA NSAID 
cultures caused a lo ss  of suppressor a ctiv ity  at lower ^ 0 2  doses (1 
MM) than for the other groups (10 mM), suggesting that many -SH groups 
may have already been oxidised. The e ffe c t  of organic mercurial 
reagents on CON-A induced suppressor a c t iv ity  has not been 
investigated  before, however the e ffec ts  of H„0o have, and the resu lts  
agree with those found in th is  th esis  [137], In view of the fa c t that
i
ph ysio logical concentrations of ^ 0 2  - particularly in SF -  may be 
greater than 612 [138], the e ffe c ts  shown here using Ho0o in the
Li Li
range 10 nM -  100 /jM are lik e ly  to be p h ysio logically  relevant. One 
contradictory piece of evidence comes from Goust [139], who showed
that ox id isin g  agents can stim ulate suppressor a c t iv ity  and T -ce ll 
p ro life r a tio n .
I t  is  in terestin g  to note that the normals studied showed 
d ifferen t degrees of s e n s it iv ity  to PHMPSA: in some there was complete 
lo ss  of CON-A induced suppressor a ctiv ity , in others very l i t t l e  lo ss , 
and in some even, stim ulation . Experiments were a lso  carried out to 
assess whether -SH groups were important in the induction of
suppressor c e l l s  in normals and AS. Again, the resu lts  were variable, 
but in the majority of subjects no effect was observed. I t  was 
observed that a lack of -SH s e n s it iv ity  in CON-A induced suppressor
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a c t iv ity  does not n ecessarily  correlate with a lack of s e n s it iv ity  in 
CON-A induced suppressor c e l l  induction. Despite the fact that, in the 
H2 O2  experiments, ^ 0 2  was added throughout the pre-culture and second 
culture, i t  i s  l ik e ly  that the e ffe c ts  observed were akin to those 
obtained with PHMPSA, that is  H90„ affected CON-A induced suppressor
^  lu
a c t iv ity  but not induction. To prove th is , experiments could have been 
carried out adding ^ 0 2  to the second and not the f i r s t  -  or the f i r s t  
and not the second -  culture respectively . However, th is  was not done 
since continuous presence of H2 O2  was thought of more physiological 
relevance. I t  could be argued that Ho0o was a ffectin g  medium 
# components, p articu larly  in view of the fact that mercaptoalbumin 
seems e sse n tia l for lymphocyte growth (Hewlett's hypothesis, personal 
commun ica t ion ).
The fa c t that PHMPSA inhibited CON-A induced suppressor a c t iv ity  
but not induction would imply that in RA CON-A induced T^  c e l l s  are
su ccesfu lly  produced but become non-functional due to -SH oxidation.
To explain excess rad ia tion -sen sitive  IL-2 production regulating
spontaneous suppressor c e l l s  in RA [107], one would have to suggest 
that these c e l l s  do not possess surface -SH groups relevant for th eir  
function, or that -SH group oxidation stim ulates rather than in h ib its  
them.
The lack of an e f fe c t  of PHMPSA on CON-A induced suppressor c e l l  
induction, but the s ig n ifica n t e ffe c t  on the a c t iv ity  of such c e l ls  
for suppression of B -ce ll responses, is  surprising in view of several 
fa c ts . F ir s t ly , the known inhib itory e ffe c ts  of PHMPSA on certain  
monocyte functions [8,177] could imply that monocytes are not needed
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for suppressor c e l l  induction - whereas some authors report that
monocytes are in fact needed. Secondly, there i s  well documented 
evidence that mitomycin-C treatment of CON-A induced suppressor c e l l s  
does not a ffe c t  their inhibitory a c tiv ity  on B -c e lls  responses 
[70,140], whereas mitomycin-C before induction blocks th eir  subsequent 
a b ility  to suppress B -ce ll responses [141]. This suggests that
p ro lifera tin g  c e l l s  are needed for induction but not the a c t iv ity  of
suppressor a c t iv ity  for B -ce ll responses. In other words, the data
using PHMPSA in th is  project is  d irectly  opposed to the data using  
mitomycin-C. This at f i r s t  may appear alarming, but one must remember 
that mitomycin-C in h ib its  c e l l  proliferation  by in h ib itin g  DNA 
synth esis, a mechanism far removed from that operating when PHMPSA is  
used, thus resu lts  obtained using these two substances cannot be 
compared. In view of the controversy that continues to surround th is  
area, since a recent report [142] suggests that the a c t iv ity  of CON-A 
induced suppressor c e l l s  for suppression of B -c e ll responses i s  
inhibited by mitomycin-C treatment - which would be akin to r e su lts  in 
th is  project, -  i t  was decided to investigate the e f fe c ts  of PHMPSA 
treatment on lymphocyte p ro liferation .
PHMPSA, whether l e f t  in cultures or following pre-treatment of 
c e l l s ,  was found to in h ib it proliferation  in response to PWM, CON-A, 
anti-CD3 Mab and PHA in a dose-dependent manner in normals, agreeing 
with previous reports [8 ,9 ] . That th is  e ffec t  may be associated with 
oxidation of functionally  important surface -SH groups is  l ik e ly , in 
view of the sim ilar dose-dependent, inhibition observed e ith er when 
^2^2 was cultu res or when c e l ls  were pre-treated with i t .
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Further evidence for th is  hypothesis comes from the fa ct that
d efec tiv e  mitogen stimulated proliferation  in RA NSAID was normalised 
by 2-ME treatment, in agreement with previous reports [8 ]. This la tter
i
phenomenon i s  odd in view of the lack of amelioration of inh ib ition  of  
p ro lifera tio n  by 2-ME follow ing D-PEN plus Cu++ treatment [9 ], since  
th is  combination i s  known to inhibit T -ce ll p ro lifera tion  by
production of [143], which is  therefore akin to one of the
mechanisms thought to be reponsible for defective p ro lifera tio n  in RA
NSAID, namely due to high background ROS production from activated  
neutrophils and monocytes. This hyporesponsiveness to mitogens in 
v itr o  in RA NSAID patien ts is  a well known phenomenon [144-147] and 
the main reason has been proposed to be due to prior activation  of 
T -c e lls  in vivo. This seems lik e ly  in view of the s ig n if ic a n tly  higher
3
background H-TdR incorporation observed in RA NSAID p atien ts in th is  
project compared to controls (data not shown), and a lso  found by 
others who a lso  observed th is  in SF lymphocytes [20 ,21 ,22]. Further 
evidence for prior activation  of lymphocytes comes from the fa ct that 
PBMNC from RA NSAID p atien ts were shown to possess high le v e ls  of the 
activation  antigens HLA-DR and CD25, in common with others who also  
showed raised transferrin receptor (CD71) le v e ls  [147]. Enhanced 
expression of these activation  antigens has been p articu larly  shown in 
the jo in ts  [148,149,150] perhaps reflectin g  the known raised r-IFN and 
IL-1 lev e ls  there [151,152]. However, the raised activation  antigen 
le v e ls  in the c ircu lation  [26,27,149,150] is  d i f f ic u l t  to explain in 
terms of raised serum r-IFN and IL-1 lev e ls , since the liter a tu re  is  
co n flic tin g  in th is  respect. Immunological stim uli cause T -c e lls  to 
express HLA-DR antigens, and since the expression of such antigens
seems to be raised in RA, there could be in vivo activation  by a 
d isease in c itin g  agent or a ltern ative ly  T -c e lls  are activated by
inflammatory products of the d isease process. In th is  case increased 
DR expression i s  merely an epiphenomenon. HLA-DR expression may or may 
not have a pathogenic role in the d isease process but could merely 
r e f le c t  a continued s ta te  of immune response to environmental or 
se lf-a n tig en s  which in turn lead to immunological abnorm alities and 
predispose to autoimmunity. Raised soluble CD25 Ag have a lso  been 
found in RA circu la tion  and SF from activated T- and B -c e lls  and 
monocytes, r e f le c tin g  an ongoing immune response [153,154]. I t  has 
been postulated that soluble CD25 provides a negative feed-back to the 
p ro lifer a tiv e  response, e ith er by binding IL-2 [155] or removing 
receptors from the c e l l  surface [156], soluble CD25 may be associated  
with the d efectiv e  mitogen induced in v itro  p ro lifer a tiv e  responses 
that occur in RA. Raised soluble CD25 has been said to correlate  with 
d isease a c t iv ity , but that ESR is  a better indicator, since solub le  
CD25 remains high even when c l in ic a l  improvement occurs [157]. A 27 ltd 
soluble form of CD8 is  a lso  found in the serum and SF of RA, i t
4-
r e f le c ts  the presence of activated CD8 c e l ls  [158] and correla tes  
with d isease a c t iv ity . However, since th is  form of CD8 ra ises  again 
during rem ission, i t  i s  l ik e ly  that d ifferen t populations of T -c e lls  
release i t  during active and remission phases [158]. The presence of 
soluble CD8 i s  ind icative of e ffecto r /ta rg et c e l l  in teraction s and low 
lev e ls  are found even in normal serum [159]. Soluble CD8 may r e f le c t  
cytotoxic c e l l  a c t iv ity  important in the clearance of a primary v ira l  
in fection , or may r e f le c t  suppressor T -ce ll a c t iv ity  [160'J. F inally , 
the presence of IL-2^B-cell growth factor, B -cell d ifferen tia tio n  and
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>"-IFN in the jo in t  f lu id , a l l  r e f le c t  in vivo T -ce ll activation .
However, in contradiction with the hypothesis that -SH groups are 
involved in p ro lifera tio n , DTNB and GSSG, known to react with -SH 
groups, have been found not to in h ib it p ro lifera tion  or Ig production, 
only at very high concentrations [9 ].
The use of a variety  of mitogens to in vestigate  peripheral blood 
p ro lifera tiv e  responses, was due to their d ifferen t modes of actions  
and d ifferen t target c e l l  preferences. The re la tiv e  r e a c tiv ity  of PHA 
to CON-A i s  said to be 1.5:1 at optimal doses, and th is  was confirmed 
in th is  project. At optimal concentrations, they show d ifferen t  
p referen tia l stim ulation: PHA p referen tia lly  a ctiv a tes T^  c e l l s  - 
p articu larly  T - /T - ,  CON-A p referen tia lly  stim ulates Tc and T~ -  andb /1 U U
of the CD4+ population more Tg^ - and is  more monocyte dependent than 
PHA. PHA and CON-A are therefore called  T -ce ll mitogens. PWM 
stim ulates T^  and B -c e lls  equally, and is  thus ca lled *T -cell dependent 
B -c e ll mitogen. At suboptimal concentrations these three mitogens 
p referen tia lly  stim ulate d ifferen t c e l l  types: PHA stim ulates mainly 
Ty c e l l s  (usually  Tc ), CON-A stim ulates Tu and PWM stim ulates Tc and 
B -c e lls . A ll three mitogens are thought to mimic events in normal c e l l  
activation  v ia  the stim ulation of CD3 and/or CD2 receptor (PHA-P used 
in th is  project at optimal concentration stim ulates v ia  CD2 and, at 
supraoptimal concentrations, v ia  CD3 as w ell; PHA-M only stim ulates  
v ia  CD3 receptors). A ll these are said to activate  40 - 60% of
T -c e lls . A recently developed Mab to CD3 appears of more physio log ica l 
relevance, since i t  stim ulates T -ce lls  d irectly  v ia  binding to the
t
<5-chain of the T -ce ll receptor (thus i t  is  more analogous to antigen
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stim ulation than the other mitogens in u se), causing clonal 
p ro lifera tio n  v ia  an IL-2 dependent autocrine path [161]. Anti-CD3 Mab 
recognizes 95% of peripheral blood T-lymphocytes or T -ce ll subsets and 
i s  mitogenic in a dose-dependent manner in the range 0.1 - 1000 ng/ml
3
[162]. As such, i t  was strange that le ss  H-TdR incorporation was
found in normals using anti-CD3 Mab compared to PHA. Low 
concentrations (25 pg/mi) are said to cause CD25 expression but no 
IL-2 production or p ro lifera tio n , probably due to lack of
cross-lin k in g , sin ce th is  concentration would resu lt in the 
attachement of only 10 molecules per c e l l .  At higher concentrations 
the Fc portions of the Mab are thought to bind to sp e c if ic  Fc 
receptors on accessory c e l l  membranes, causing stim ulation of IL-1 
production and -  perhaps -  PGE^ . The accessory c e l l s  enable anti-CD3 
Mab to cross-lin k  CD3/Ti on T -c e lls  thus causing T -ce ll activation  and
subsequently regulating CD2 expression [163]. I t  appears that
accessory c e l l s  have a second role too, that of stim ulating CD2
receptors on T -c e lls  v ia  their LFA-3 Ag (CD58) [164]. This a cts  as a
secondary sign a l for IL-2 production and induction of DNA synthesis  
and p ro lifera tio n . CD2 is  said to act as a negative activation  signal 
when stimulated along with CD3 [165], or an a ltern ative  antigen amd
monocyte independent activation  signal i f  stimulated alone [166-169]. 
The e f fe c t  of anti-CD3 Mab on d ifferen t T -ce ll subsets varies; i t  
stim ulates T^ , p ro lifera tion  but in h ib its  their function; i t  stim ulates  
Tg and Tg^ function but in h ib its  their p ro liferation ; i t  stim ulates
both function and p ro lifera tion  of T^  c e l ls .  This suggests perhaps the 
existence of either d ifferen t T -ce ll receptors on d ifferen t T -ce ll  
subsets and/or of d ifferen t sign al transduction mechanisms. At low and
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optimal doses anti-CD3 Mab p referen tia lly  stim ulates and CD8+
c e lls ;  at higher concentrations i t  p referen tia lly  stim ulates Tg^j and 
CD8+ c e l l s .  The mouse IgG2a anti-CD3 Mab used in th is  project reacts 
p referen tia lly  with FcRI receptors on monocytes and is  the most 
commonly used c la ss  of Mab for mitogenic stu d ies, sin ce i t  stim ulates  
in approximately 100% of subjects, whereas IgGl Mab or IgG2b Mab 
stim ulate in fewer cases [170]. This d iffe r e n tia l responsiveness i s  
thought to r e f le c t  genetic v a r ia b ility  in monocyte expression of Fc 
receptors. Since a l l  RA NSAID responded to IgG2a anti-CD3 Mab to  
d ifferen t degrees, some reacting normally and some showing 
hyporesponsiveness, the FcRI expression cannot be p articu larly  
abnormal in RA in agreement with the litera tu re showing raised Fc 
expression [180], nor i t s  a b il ity  to bind ligands, such as th is  Mab. 
This of course t e l l s  us nothing about FcRI function. In general, Fc 
receptor function is  said to be defective in RA, as shown by d efective  
Ab-mediated feed-back suppression [10], which may be due to decreased 
-SH groups known to be important in th is receptor function [171].
PHMPSA inhibited a l l  mitogenic responses in normals equally to 
80% at 50 pM, and to ta lly  inhibited proliferation  at 100 mM. Ho0o 
caused inh ib ition  of p ro lifer a tiv e  responses at 10 ^M, but the c e i ls  
were o n ly -50% viab le , and caused to ta l inhibition at 50 mM - but t^ he 
c e l l s  were a l l  dead. That the inhibition was due to blockade or 
oxidation of surface -SH groups respectively is  substantiated by 
reports by Noelle e t a l. [172,173] using mice, showing high oxygen 
tension or O-phenanthroline-cupric complex ox id ises surface -SH groups 
and in h ib its  CON-A induced p roliferation , which is  su b stan tia lly
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reversed by 2-ME or glutathione. Mitogenic e f fe c ts  of H0CL were
i-» C,
observed at low doses (0 .1  -  1 /uM), which could be due to the known 
stim ulatory e f fe c ts  of low dose ^ 0 2  on IL-2 production [32]. 
in h ib ition  of p ro lifera tion  began to occur at lower concentrations of 
H2 O2  when using anti-CD3 Mab, startin g  at 1 mM as opposed to 10 mM 
with the other mitogens; th is  could be due to the fa c t that although 
a l l  the mitogens used are accessory c e l l  dependent -  and accessory  
c e l l  functions are known to be -SH dependent [8] the mitogenic
action of anti-CD3 Mab may be more accessory c e l l  dependent, thus more 
suscep tib le  to agents that block accessory c e l l  function. This i s  
reasonable in view of i t s  interaction with Fc receptors on accessory  
c e l l s  which have important -SH groups for their function [171]. Also, 
anti-CD3 Mab may increase c e l l  surface -SH group a c c e s s ib il ity  to 
PHMPSA and interaction  by a lterin g  the conformational equilibrium
or v e r t ic a l displacement of some functionally  important -SH bearing 
proteins, therefore more suppression is  observed follow ing stim ulation  
with th is  ligand [174].
A number of d ifferen ces were observed in th is  project compared to 
other reports using H,.^. Cytotoxocity was detectable follow ing ' a 
1-hour incubation at 37 C or a fter  a 72-hour incubation from 10 mM 
H2 O2  onwards, with to ta l ablation of v ia b ility  at doses ^ 50 -i^M,
whereas S ta ite  [136] found that^a dose as high as 320 mM for 1. hour 
did not appreciably a ffec t v ia b il i ty  using a se n s it iv e  fluoresceine  
diacetate  method; Zoschke [175] found that doses < 40 mM for 1 hour at
o
37 C were sublethal using trypan blue. However, in th is  project, 
using ethidium bromide and acridine orange, sublethal doses were in
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th e  range 10 nM to  1 mM. As such, no t  s u r p r i s in lg ly ,  d i f f e r e n c e s  in 
s u s c e p t i b i l i t y  to  p r o l i f e r a t i o n  were observed in t h i s  p r o je c t  compared 
to  o th e r  r e p o r t s .  5% in h ib i t io n  was in f a c t  noted a t  doses  as  low as
0 .0 1  and 1 /jM in h ib i t io n  was found a t  50 /^M, w ith  a
s t im u la to ry  e f f e c t  observed a t  0 .1  mM, whereas Zoschke [175] found 
th a t  a low dose s t im u la to ry  e f f e c t  occurred a t  5 /j M, and t h a t  50% 
i n h ib i t i o n  o f  p r o l i f e r a t i o n  occurred a t  40 juM. The r e s u l t s  in  t h i s  
p r o je c t  more c lo s e ly  p a r a l l e l e d  those  found by the  aforem entioned 
au tho r  u s in g  pure  lymphocytes, and t h i s  au thor su g g es ts  t h a t  the  
g r e a t e r  s e n s i t i v i t y  to  of f r a c t io n a te d  lymphocytes compared to
u n f ra c t io n a te d  lymphocytes i s  due to the  scavenging c a p a c i ty  of 
r e s t i n g  monocytes in th e  l a t t e r  popu la tion . One p o s s i b i l i t y  to  account 
f o r  th e se  d i f f e r e n c e s  i s  th a t  p o lys ty rene  tubes  were used f o r  the  
a ssa y s ,  which may have a c t iv a te d  monocytes (and cause ROS p ro d u c t io n ) ,  
making them l e s s  ab le  to  scavenge ROS [137]«xmJL making ?oc&l ROS
The f a c t  t h a t  in h ib i t i o n  of p r o l i f e r a t i o n  us ing  PHMPSA and
was s im i la r ,  lead to  the  sp ec u la t io n  th a t  a common mechanism of
in a c t iv a t io n  of T - c e l l  p r o l i f e r a t i o n  operated in a l l  c a se s ,  a p a r t  from
th e  known in h ib i to r y  a c t io n  of PHMPSA on accesso ry  c e l l  fu n c tio n
req u ired  in each case . The observa tion  th a t  d e fe c t iv e  p r o l i f e r a t i o n  in
RA NSAID i s  norm alised by 2-ME trea tm en t in v i t r o ,  and t h a t  RA
p a t i e n t s  on su lp h y d ra te  drugs show normal p r o l i f e r a t i v e  re sp o n ses ,
could p o s s ib ly  r e f l e c t  in h ib i t i o n  of m itogen-s tim ula ted  lymphocyte
p r o l i f e r a t i o n  due to  in h ib i to r y  products  from a c t iv a te d  monocytes
e .g .  ROS [1 7 5 a ,176] and PGE0 [101] -  and from a c t iv a te d  n e u t ro p h i l s
MS A t D
t h a t  were f re q u e n t ly  observed to contam inate^  PBMNC p re p a ra t io n s .
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However, p ro d u c ts  from such c e l l s  cannot wholly e x p la in  the  
hyporesponsiveness, s in ce  mixing experim ents have shown th a t  
hyporesponsiveness i s  s t i l l  p re se n t  even in the  p resence  of 
n o n -a c t iv a ted  normal monocytes, sugges ting  in h e re n t  d e f e c t s  in 
lymphocyte p r o l i f e r a t i o n  in RANSAID [147], Severa l mechanisms could 
e x i s t  whereby
equal in h ib i t i o n  of p r o l i f e r a t i o n  by agen ts  r e a c t in g  w ith  -SH groups 
could occur fo llow ing  s t im u la t io n  w ith d i f f e r e n t  mitogens. One i s  the 
i n h ib i t io n  in  th e  express ion  of c o n s t i t u t i v e ly  expressed T - c e l l  Ag - 
l ik e  CD3, CD4, CD2, CD8, CD45R, CDW29 -  and of in d u c ib le  a c t iv a t io n  Ag 
-  l ik e  HLA-DR and CD25, im portant in c e l l  in t e r a c t io n  and 
p r o l i f e r a t i o n  As such, t h e i r  express ion  was assessed  fo llow ing 
PHMPSA tre a tm en t.  Since phenotypic markers a re  in c re a s in g ly  being 
shown to  be more than j u s t  adhesion Ag, b u t have important 
immunoregulatory fu n c t io n s  too (F ig . 5 .1 ) ,  the  express ion  of. o th e r  
su r fa ce  markers -  e .g .  CDllb (mainly on monocytes), CD57 picked up by 
HNK-1 (mainly on N K -cells) and CD37 (on B -c e l l s )  -  was a lso  s tu d ie d .  
Also the  p o s s i b i l i t y  e x i s t s  th a t  PHMPSA and H90 9 caused in h ib i t i o n  of 
T - c e l l  p r o l i f e r a t i o n ,  by in h ib i t i n g  the  induction  of induc ib le  
a c t iv a t io n  Ag -  e .g .  HLA-DR and CD25 - ,  or perhaps the  induc tion  of 
the  high a f f i n i t y  IL-2 re c ep to r ,  by in h ib i t i n g  CD25 and P75 
in te r a c t io n s .  Another p o s s i b i l i t y  i s  t h a t  th ese  re ag en ts  could have 
in h ib i te d  in te r le u k in  production  needed fo r  HLA-DR and CD25 
u p - re g u la t io n ,  i . e .  r-IFN  and IL-1, IL-2 re s p e c t iv e ly .  A l te rn a t iv e ly ,  
in h ib i t io n  of p r o l i f e r a t i o n  could be due to  in h ib i t i o n  of b ind ing  of 
in te r le u k in s  to  t h e i r  a p p ro p r ia te  re c e p to r s  by b lock ing  -SH groups 
im portant in the  b ind ing  s i t e s ;  or f i n a l l y  by in h ib i t i n g  s ig n a l
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n e e d e d  f o r  a c c e s s o r y  c e l l  d e p e n d e n t ,  A g - s p e c i f i c ,  MHO 
r e s t r i c t e d ,  I L - 2  d e p e n d e n t  T - c e l l  a c t i v a t i o n
-  s i g n a l  t r a n s d u c t i o n  m e d i a t e d  v i a  C - m o l e c u l e s
-  r e g u l a t e s  CD2 e x p r e s s i o n  o n  T ^ ,  T g ,  Tc , T g ^ j  c e l l s
s t i m u l a t e s  P K - C  a c t i v i t y  c a u s i n g  s e r i n e  a n d  t h r e o n i n e
p h o s p h o r y l a t i o n  o f  CD3 ,  C D 4 , CD8,  CD45 a n d  MHC I a n t i g e n s
-  b i n d s  a n t i g e n  a n d  r e c o g n i s e s  MHC c l a s s  I I  a n t i g e n s
-  n e g a t i v e  a c t i v a t i o n  s i g n a l  when s t i m u l a t e d  t o g e t h e r  w i t h  CD3
-  p o s i t i v e  a c t i v a t i o n  s i g n a l  when s t i m u l a t e d  a l o n e
s t i m u l a t e s  P K- C a c t i v i t y  c a u s i n g  s e r i n e  a n d  t h r e o n i n e
p h o s p h o r y l a t i o n  o f  CD3,  CD4,  CD8,  CD45 a n d  MHC I  a n t i g e n s
-  a l t e r n a t i v e  a c t i v a t i o n  s i g n a l  p a t h w a y  i n  T - c e l l s
-  i m m u n e  r e g u l a t i o n  b y  a l l o w i n g  a n t i g e n  p r e s e n t a t i o n
-  r e g u l a t i o n  o f  CD2 e x p r e s s i o n
-  i m m u n e  r e g u l a t i o n  b y  r e c o g n i t i o n  o f  MHC c l a s s  I I  a n t i g e n s
ICK-  a s s o c i a t e d  w i t h  P 5 6  , a l l o w i n g  i t s  m o v e m e n t  n e a r e r  t o  CD3 
w h e r e  i t  p h o S p h o r y l a t e s  t y r o s i n e  on  t h e  C - p r o t e i n  o f  CD3 t o  
r e g u l a t e  i t s  f u n c t i o n
-  s a m e  a s  C D 4 , b u t  i t  r e c o g n i s e s  MHC c l a s s  I a n t i g e n s
-  m a y  r e g u l a t e  C D 3 - T j ,  C D 4 , CD8,  CD2 v i a  i n t r i n s i c  p h o s p h o -
t y r o s i n e  p h o s p h a t a s e  a c t i v i t y
-  c e l l  a d h e s i o n  m a r k e r  w i t h  i n t r i n s i c  e n z y m i c  p r o p e r t i e s
CD16 ( FCR I I I )  -  A d h e s i o n  m o l e c u l e s  t o  b i n d  Ab o r  I g  o n  B - c e l l s
CD23 ( FC R I I )  ■ -  M e d i a t e  e n d o c y t o s i s
CD64 ( FC R I )  _ -  I n v o l v e d  i n  s i g n a l  t r a n s d u c t i o n
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t r a n s d u c t io n  mechanisms from re c ep to rs  ( e .g .  in te r le u k in  re c e p to r )  by 
in h ib i t i n g  fu n c t io n a l ly  im portant -SH groups c lo s e ly  a s s o c ia te d  w ith  
G -transducing  p ro te in s .  This i s  a reasonable  p o s s i b i l i t y  in view of 
the  f a c t  t h a t  -SH groups have been found, on P21 of V .ras  oncogene 
which has sequence homology with G -pro te ins  and appears  to  be in  the  
v i c i n i t y  o f  th e  GTP b ind ing  domain [178].
PHMPSA was found no t  to  a f f e c t  the  express ion  of any o f  the
phenotypic  markers under c o n s id e ra t io n ,  in agreement w ith unpublished
o b se rv a t io n s  by N. Goulding in our la b o ra to ry .  Although complementary
p a r a l l e l  s tu d ie s  looking a t  the  e f f e c t s  of Ho0o were no t c a r r ie d  ou tz ^
in t h i s  t h e s i s ,  o th e rs  have done so. S t a i t e  e t  a l .  [136] found t h a t
O
320 jum incubated w ith  lymphocytes fo r  1 to  2 .5  hours a t  37 C (a
comparable incubation  pe r io d  to  th a t  used in t h i s  t h e s i s )  d id  n o t
a l t e r  CD4, CD8, CD2, CDW29 b ind ing  or express ion  as  a sse ssed  us in g
Becton-Dickinson Leu-3ab, Leu-2b, Leu-5b and C o u lte r  4B4-RD1 Mabs
re s p e c t iv e ly .  Nor d id  Ho0o cause phenotypic sw itch ing  of CD8 to  CD4.c. Z
However SRBC-rosette form ation was in h ib i te d  by ^2^2' Thus p robab ly  
Leu-5b d e t e c t s  T l l / 2 ,  no t T l l / 1  which i s  the  Ag fo r  SRBC. I t  i s  
th e re fo re  p o s s ib le  t h a t  could be in h ib i t i n g  e i t h e r  the  b in d ing  o r
express ion  of T l l / 1 .  I t  i s  u n l ik e ly  th a t  a f f e c te d  the  ind u c tio n
and exp ress ion  or b ind ing  c ap a c i ty  of the  th i r d  c r y p t i c  ep ito p e  o f CD2 
c a l le d  T l l / 3 ,  r e c e n t ly  des ig n a ted  CD2A, s in ce  th e  l a t t e r  i s  on ly  
expressed on a c t iv a te d  c e l l s  and t h i s  work used f r e s h  c e l l s  [168]; 
a lso  T l l / 3  i s  n o t involved in SRBC re a c t io n s .  In  ano ther  paper by 
Gougerot [179] lymphocytes were incubated with normobaric oxygen fo r  
24 to  72 hours , and t h i s  d id  no t  a f f e c t  the  exp ress ion  or b in d in g  of
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c o n s t i t u t i v e l y  expressed Ag, e .g .  CD8, CD3, CD4 u s in g  IOTECH Mabs. 
This au th o r  a l s o  observed th a t  2-ME trea tm en t had no e f f e c t  on the  
exp ress ion  o r b ind ing  p ro p e r t ie s  of these  a n t ig e n s .  The r e s u l t s  us ing  
2-ME on CD8 express ion  and b inding a re  i n t e r e s t i n g  in view of th e  f a c t  
t h a t  CD8 i s  a known d isu lp h id e  linked homodimer, th u s  i t  might have 
been expected that_2-ME would re le a s e  the 2 monomers in to  t h e i r  t h i o l  
forms. However, s in ce  I0T8 b inding  was u n a ffec ted  by 2-ME, one must 
assume t h a t  t h i s  Mab only needs to  bind to  an e p i to p e  on one monomer 
and does n o t r e q u ire  c ro s s - l in k in g  across  the  two. In  t h i s  r e s p e c t ,  i t  
would have been i n t e r e s t i n g  to  see the  e f f e c t  o f  2-ME on Mab 9 .3  
b inding  to  the  CD28 re c ep to r  and Mab b ind ing  to  the  T i re c e p to r ,  known 
d is u lp h id e  linked  heterod im ers, and a lso  S0T0N-M2 b ind ing , s a id  to  
d e te c t  CD11 an t ig e n ,  which a re  the  C3bi re c e p to r s  on monocytic c e l l s  
and s a id  to  co n ta in  a d isu lp h id e  bond. I f  the  Mabs re q u ire  re c o g n i t io n  
of e p i to p e s  on both  monomers, then 2-ME might i n h i b i t  b ind ing . I t  must 
of course  be remembered t h a t ,  j u s t  because a n t ig e n s  can s t i l l  be 
d e te c te d  a f t e r  PHMPSA or H2O2 trea tm en t,  does no t mean th a t  they  a re  
s t i l l  fu n c t io n a l ,  e .g .  excess FcR expression  i s  p re s e n t  in RA, b u t i s  
p oorly  fu n c t io n a l  in Fc mediated feedback suppress ion  [10].
I
N eith e r  PHMPSA nor H2O2 a f fec ted  the  induc tion  or exp ress ion  of 
CD25 or HLA-DR Ag on mitogen s tim ua la ted  c e l l s  or “ educated” c e l l s .  On 
mitogen a c t iv a te d  T - c e l l s  a n t i  CD25Mab w i l l  be b ind ing  to  CD25 p re se n t  
in both  low a f f i n i t y  IL-2 re c ep to r  binding s i t e s  (o f  which th e re  a re  
30,000 to  60,000 per c e l l  re p re sen tin g  80 to 90% of t o t a l  r e c e p to r  
s i t e s ,  [1 8 1 ]) ,  and high a f f i n i t y  IL-2 b inding  s i t e s  (o f  which th e re  
a re  2,000 to  4 ,000, r e p re se n t in g  5 to - 10% of t o t a l  re c e p to r  s i t e s
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[181]) , i f  one assumes th a t  the  amount of Mab bound^the h igh  a f f i n i t y  
s i t e s  i s  v i s i b l y  d e te c ta b le  and not swomped by the  b ind ing  to  excess 
low a f f i n i t y  s i t e s ,  then PHMPSA and no^ i n h i b i t  ^ab b ind ing
to  e i t h e r  o f  th e  re c e p to r  s i t e s ,  which would mean th a t  -SH groups a re  
no t involved in  th e  b ind ing  s i t e s  of e i th e r  r e c e p to r .  However, because 
of the  i n s e n s i t i v i t y  of the  f luo rescence  techn ique, a sm all lo s s  in 
b ind ing  to  h igh  a f f i n i t y  s i t e s  may no t be v i s i b l e .  These r e s u l t s  a re  
in d i r e c t  c o n t r a s t  by those  of Gougerot [179] who s t a t e s  t h a t  
“ . . . i n c u b a t io n  w ith  normobaric oxigen fo r  a s im i la r  pe riod  -  i . e .  24 -  
72 hours -  caused in h ib i t io n  of induc ib le  a c t i v a t io n  a n t ig e n s ,  namely 
CD25 and t r a n f e r r i n  receptors**. Perhaps in keeping w ith the  idea  th a t  
ROS in h i b i t e s  CD25 induction  a re  two re p o r ts  su g g es tin g  d e fe c t iv e  CD25 
induction  in  RA, one r e p o r t  u s ing  PHA s tim ula ted  PBMNC [182] and th e  
second f in d in g  reduced express ion  of CD25 on SF lymphocytes d e s p i t e  
obvious s ig n s  of a c t iv a t io n  in terms of s i s a  and HLA-DR express ion  
[148]. These l a t t e r  au th o rs  suggested th is  was e i t h e r  due to  
a c t i v a t io n  beyond the  CD25 express ion  s tag e ,  or t h a t  exp ress ion  of HLA 
DR p a r t i c u l a r l y  on CD8 c e l l s  was due to  mechanisms u n re la te d  to  immune 
s t im u la t io n  e s p e c ia l l y  in view of normal amounts of y IFN from 
s t im u la ted  SF T c e l l s ;  t h i s  d isco rd an t  express ion  of a c t i v a t io n  
an tig en s  was termed “ f r u s t r a t e d  a c t iv a t io n ’* [148]. In the  l i g h t  of 
G ougero t 's  work [179], the  f i r s t  re p o r t  could perhaps be in te r p r e te d  
as i n h ib i t i o n  of CD25 induc tion  by ROS produced by a c t iv a te d  monocytes 
and con tam inating  a c t iv a te d  n e u tro p h i ls  in the PBMNC p re p a ra t io n  - and 
in the  second re p o r t  due to  high lo ca l ROS p ro d u c tio n . However, 
G ougero t 's  experim ents d i f f e r e d  from the ones rep o r ted  here  in a 
number o f  ways. He used normobaric oxygen - no t ^ ^ 2  ~ more
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im p o r tan tly  used Becton-Dickinson anti-CD25 Mab which r e a c t s  to  
d i f f e r e n t  e p i to p e s  than DAKOPATTS anti-CD25 Mab in view of th e  f a c t  
t h a t  th e  former anti-CD25 Mab can block IL-2 b ind ing , bu t n o t the  
l a t t e r .  Gougerot d id  sugges t th a t  the  e f f e c t s  he showed may n o t  be 
d i r e c t  e f f e c t s  in h ib i t i n g  rec ep to r  in duc tion , bu t could be secondary 
to  the  f a c t  t h a t  t h i s  normobaric oxygen t re a tm en t in h ib i te d  T - c e l l  
a c t i v a t i o n .  Although n e i th e r  analysed by t h i s  au thor nor in  t h i s  
p r o j e c t ,  i t  i s  p o s s ib le  t h a t  EDS or PHMPSA could a f f e c t  the  
m itogen -s tim u la ted  induc tion  of the  c ry p t ic  ep ito p e  of the  CD2 
re c e p to r ,  i . e .  T l l / 3  which i s  im portant in the  s ig n a l  t ra n s d u c t io n  
from t h i s  r e c e p to r ,  p a r t i c u l a r l y  in view of the  f a c t  t h a t  th e  CD2 
re c e p to r  i s  proposed to  p lay  a fundamental ro le  in the  re g u la t io n  of 
T - c e l l  a c t i v a t io n  [168,169]. and PHMPSA could of course  a f f e c t
th e  induc tion  and /o r the  exp ress ion  of o th e r  re c e p to r s  as  y e t  unknown, 
which may be im portant in T - c e l l  a c t i v a t io n ,  and thus  i n h i b i t  
p r o l i f e r a t i o n  in t h i s  way.
The f a c t  PHMPSA and ^2^2 no  ^ HLA-DR and CD25
in d u c tio n  or exp ress ion  perhaps i s  i n d i r e c t  evidence to  sugges t t h a t  r -
IFN, IL-1, and IL-2 p roduc tion  a re  no t SH-dependent mechanisms, the
l a t t e r  two be ing  in agreement w ith  two re p o r ts  from our la b o ra to ry
IL-i
showing no e f f e c t s  of 2-ME trea tm en t on human^IL-2 p roduc tion  [8] and 
no e f f e c t  of PHMPSA on IL-2 p roduction  from mouse c e l l s ,  and w ith  
r e s u l t s  in t h i s  p r o je c t .  F u r th e r  evidence fo r  t h i s  comes from the 
f in d in g  of a lack  of c o r r e la t io n  between serum SH and IL-2 p roduction  
in RA NSAID. However, i f  t h i o l  s t a t u s  does not a f f e c t  IL-1 and Ill-2 
p roduc tion , i t  i s  d i f f i c u l t  to  understand the c o n f l i c t i n g  r e p o r t s  t h a t
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oxygen and ^ do a f f e c t  in te r le u k in  p ro d u c tio n , i f  a  common, 
mechanism i s  proposed fo r  both  e f f e c t s ,  namely i n t e r a c t io n  w ith  -SH 
groups. In one r e p o r t  i t  was observed th a t  normobaric 09 s t im u la te d  
IL-1 and IL-2 p roduc tion , bu t 2-ME had no e f f e c t  [179]. A second 
r e p o r t  s t a t e d  10 s t im u la ted  IL-2 p ro d u c tio n , bu t 30 to  100 mM
in h ib i te d  i t  [32].
There a re  c o n f l i c t i n g  r e p o r t s  of m ito g en -s t im u la ted  IL-2 
p roduc tion  in  RA, some sugges ting  low, normal o r  high le v e l s ;  the  
d i f f e r e n c e s  probably  a re  r e l a t e d  to  heterogenous p o p u la t io n s  s tu d ie d  
in terms of d is e a s e  a c t i v i t y ,  drug trea tm en t,  e t c .  and d i f f e r e n t  
m ethodologies used. In t h i s  p r o je c t  no s i g n i f i c a n t  d e f e c t s  in IL-2 
p roduc tion  in RA NSAID were observed, although RA p a t i e n t s  w ith  EAD 
were s l i g h t l y  more d e fe c t iv e  in common with a re c e n t  r e p o r t  by K ita s  
[147] showing s i g n i f i c a n t  d e fe c t s  in t o t a l  RA p a t i e n t s  and 
p a r t i c u l a r l y  in the  EAD subgroup which showed p a r t i c u l a r l y  h igh 
background CD25 le v e l s  and perhaps t h i s  caused inc reased  u t i l i s a t i o n  
of th e  IL-2 produced. I t  was perhaps s u rp r is in g  t h a t  the  time course  
of IL-2 p roduc tion  was found to  be s im ila r  in RA NSAID and normals and 
th a t  th e re  was no spontaneous IL-2 production in RA d e s p i t e  T - c e l l  
p r io r  a c t iv a t io n  as  evidenced by ra ised  background CD25 and HLA-DR 
e x p ress io n , bo th  in t h i s  p r o je c t  and in the r e p o r t  by K ita s  [147]. 
IL-2 p roduction  in RA NSAID d id  no t c o r r e la te  w ith  any in d ic e s  of 
d is e a s e  a c t i v i t y  or the  p resence  of RF, in common w ith  ano ther r e p o r t  
[147]. However, u n l ik e  t h i s  r e p o r t ,  IL-2 was found in t h i s  p r o j e c t  to  
p o s i t i v e ly  c o r r e l a t e  w ith  age and d isease  d u ra t io n ,  and the  l a t t e r  i s  
n o t  s u r p r i s in g  in view of the  known g r e a t e r  s e v e r i t y  of
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immunoregulatory d e fe c t s  in e a r ly  RA. IL--2 d id  n o t  c o r r e l a t e  w ith  
CON-A induced suppresso r a c t i v i t y  fo r  B c e l l  re sponses , su g g es t in g  no 
r e l a t i o n s h ip  between the  two. L ongitudinal s tu d ie s  a re  needed to  see 
whether s u lp h y d ra te  trea tm en t causing ra ised  SH le v e l s  c o r r e l a t e s  with 
improved IL-2 p roduc tion . However, the  f in d in g  t h a t  PHMPSA d id  no t 
in f lu en ce  IL-2 production  in RA NSAID would sugges t t h a t  t h i o l  s t a t u s  
does n o t  in f lu en c e  the  p roduction  of t h i s  in te r le u k in .  IL-2 production  
in  the  AS group was s im i la r  to  normals, in agreement w ith  the  
l i t e r a t u r e  [183].
The d e f e c t iv e  p r o l i f e r a t i o n  in RA NSAID and d e fe c t iv e  CON-A
induced suppresso r  a c t i v i t y  can th e re fo re  no t be accounted f o r  as an 
in h ib i t i o n  of IL-2 p ro d u c tio n ,  s ince  no s i g n i f i c a n t  d e f e c t  was 
o b se rv ed .
The method adopted to  measure IL=2 production  in t h i s  t h e s i s
us ing  "educated'* c e l l s  has been shown by i t s  o r ig i n a to r s  [184] to be
comparable w ith  o th e r  assay  systems and i s  s p e c i f i c  fo r  IL-2 over a
broad range and i s  no t in fluenced  by IL-1. However i t  i s  p o s s ib le  th a t
!
i t  may d e t e c t  IL-4 (BSF-1, a T - c e l l  derived  lymphokine t h a t  a c t s  
p r im a r i ly  on B -c e l l s  [185]) as w ell as or in s tead  o f IL -2, s in c e  IL-4 
i n t e r a c t s  w ith  lymphoblasts [186]; th i s  i s  u n l ik e ly  to  be a problem 
however because the  amount of IL-4 requ ired  to  induce p r o l i f e r a t i o n  i s  
extremely h igh [186], u n lik e  the  high s e n s i t i v i t y  of "educated** c e l  I s  to  
IL-2 le v e l s  as  low as 0.001 IU/ml, and peak IL-4 p roduc tion  in 
m itogen-driven  systems occurs  a f t e r  72 hours [187], no t a t  48 hours, 
the  time of su p e rn a tan t  h a rv es t  fo r  maximum IL-2 p ro d u c tio n , as  used
in th e se  experim ents. The “ educated" c e l l s  from d i f f e r e n t  in d iv id u a ls
showed c o n s id e ra b le  v a r i a t io n s  in 'JHTdR in c o rp o ra t io n  b o th  in 
background and IL-2-induced  responses. “Educated’* c e l l  “ reactiv ity**  
was however s im i la r  in a l l  in d iv id u a ls ,  i . e .  th e  amount of IL-2 
req u ired  to  induce h a l f  maximum p r o l i f e r a t i o n ,  as  noted in [184], and 
the  s l i g h t  d i f f e r e n c e s  between in d iv id u a ls  d id  n o t  m a tte r  s in c e  a 
s tandard  curve from the  same source was put up on each run.
An a l t e r n a t i v e  ex p lana tion  fo r  the  in h ib i to r y  e f f e c t s  of PHMPSA
and H2O2 on mitogen s t im u la ted  p r o l i f e r a t i o n  i s  t h a t  they i n h i b i t  the  
a b i l i t y  of re c e p to r s  to  b ind t h e i r  n a tu ra l  l ig a n d s ,  implying t h a t  -SH 
groups a re  im portant in the  a c t iv e  s i t e s  fo r  l ig a n d - re c e p to r  
i n t e r a c t io n .  I n h ib i t io n  of the  b inding of CON-A or PHA to  t h e i r  
re c e p to r s  i s  u n l ik e ly  to  account fo r  the  in h ib i t io n  observed in view 
of two r e p o r t s  showing exposure to normobaric oxygen d id  no t modify 
t h e i r  b ind ing  [179,188]. A th i r d  rep o r t  showed th a t  diamide d id  not 
in h i b i t  ^^CON-A or "^PHA binding [189]. This  might i n d i r e c t l y  
sugges ts  t h a t  SH groups a re  no t important in mitogen b ind ing ; f u r th e r  
evidence f o r  t h i s  comes from the  f a c t  th a t  p re - t r e a tm e n t  of c e l l s  w ith  
PHMSA d id  n o t  i n h i b i t  CON-A induced suppressor c e l l  in d u c tio n .  One 
re p o r t  su g g es ts  t h a t  CON-A a c t s  v ia  one recep to r  s i t e  to  s t im u la te  
b la s to g e n e s i s ,  and a second to  induce suppressor a c t i v i t y .  I f  t r u e ,  
t h i s  would suggest th a t  n e i th e r  s i t e  has an -SH group involved in 
CON-A b ind ing . S t i l l  f u r th e r  evidence fo r  the u n l ik e ly  p o s s i b i l i t y  
th a t  -SH groups a re  involved in recep to r  binding s i t e s  fo r  CON-A and 
PWM comes from evidence from the  s t ru c tu re  of both mitogens. CON-A i s  
e x tra c te d  from the  legume “ Concanavalia en s ifo rm is ’* and i s  a  l e c t in
and a mitogen, i t  i s  a  pure g lo b u la r  p ro te in  b ind ing  s p e c i f i c a l l y  to
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g ly c o p ro te in s  o r  g ly c o l ip id s  on c e l l s  co n ta in in g  cx-D-glycopyranoside
or a-D-mannopyranoside re s id u e s .  At pH 7.4 i t  i s  a te tra m e r  and each
su b u n it  has no c y s te in e  re s id u e s ,  thus i t  has no S-S in tram o le c u la r
bonds and cannot have f r e e  -SH groups. PWM i s  a mitogen and poor
*
l e c t i n  e x t r a c te d  from “Phyto lacca  americana pokeweed*’ and i s  a  
g ly c o p ro te in  w ith  no f r e e  -SH groups. All 66 of i t s  c y s te in e  re s id u e s  
a re  involved in the  p roduction  of 33 in tram olecu la r  S-S bonds.
IL-1 and r — IFN b ind ing  seem unaffec ted  by Ho00 and PHMPSA
C»
tre a tm en t in view of the  f a c t  th a t  CD25 and HLA-DR ind u c tio n  and 
exp ress ion  on “ educated** c e l l s  (Table 4 .34) were u n a ffe c ted  and these  
two in te r l e u k in s  a re  known to  u p reg u la te  the  exp ress ion  o f HLA-DR
i
[190,191] and CD25 [192,193] re s p e c t iv e ly .  Experiments c a r r ie d  ou t to
see i f  IL-2 b ind ing  to  i t s  high a f f i n i t y  re c ep to r  was in h ib i te d  by
PHMPSA re v ea led  i n t e r e s t i n g  r e s u l t s ,  i . e .  th e re  was 32% in h ib i t i o n  of
b ind ing  to  h ig h _ a f f in i ty  re c e p to r s  in HuT c e l l s ,  su g g es t in g  SII groups
may be involved in HA -  IL-2 in te r a c t io n s .  A re c e n t  paper su g g es ts
th a t  many su rfa c e  re c e p to r s  coupled to Gs p ro te in s  a re  S-S l in k ed , and
t h a t  a g o n is t  b ind ing  occurs by breaking  the S-S bond ' to  form -SH
groups w ith  which the  a g o n is t  then in te r a c t s  [238]. S ince PHMPSA
- to
cannot b reak  S-S bonds, the  in h ib i t i o n  could be due^-SH groups a lre a d y  
on the  HA re c e p to r .  Of i n t e r e s t  was the observa tion  th a t  in ano ther 
system, namely n e u t ro p h i l s ,  a re c ep to r -d r iv en  a c t i v a t io n  phenomenon 
v ia  FMLP ( to  mimic b a c t e r i a l  c e l l  w a lls ,  [194]) was in h ib i te d  by 
PHMPSA tre a tm e n t ,  bu t a non re c ep to r -d r iv e n  event (PMA) was n o t .  The 
i n h ib i to r y  e f f e c t  of PHMPSA on 0 ^ from n e u tro p h i ls  i s  the  d i r e c t  
o p p o s i te  to  t h a t  shown by Tsan who showed only ^2^2 P roduction  was
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a f f e c te d  [195 ,196], bu t i s  c o n s is te n t  w ith  an o th er  paper by him, 
showing t h a t  reag en ts  t h a t  i n t e r f e r e  w ith  -SH groups on
s e r in e - p r o te a s e s  necessa ry  fo r  0^ production  . in h ib it  i t s  subsequent
. ^ ♦ _
pro d u c tio n  from n e u t ro p h i ls  [197]. The lower 0^  produced u s in g  FMLP
♦ —
compared to  PMA was probably  due to the  f a c t  th a t  i t s e l f  may
d e s t ro y  the  b io lo g ic a l  a c t i v i t y  of FMLP by o x ida tion  of a methionine
♦  _
re s id u e  in i t ,  th u s  l im i t in g  the  ex ten t  of p roduction  by t h i s
lig an d . The f a c t  PHMPSA s t im u la te s  0 o production  a f t e r  PMA i s  no t 
understood  b u t  has been noted by o th e rs  w ith a chemiluminescent 
techn ique  o r u s in g  low doses of PHMPSA in an Ho0o g e n e ra t in g  system. 
I t  may sugges t t h a t  perhaps fo llow ing c e r t a in  s t im u l i  and in  the  
p resence  of ox id ised  or blocked c e r ta in  su r fa c e  SH groups, ROS 
produc tion  i s  s t im u la te d ,  sugges ting  the  p ro cess  could be
a u t o c a t a ly t i c .  However, PMA, although an analogue of 
d ia c y lg ly c e ro l ,d o e s  no t have an in vivo eq u iv a len t  and r e l e a s e s  
s p e c i f i c  g ran u le  c o n s t i tu e n ts ,  whereas in vivo u s u a l ly  a z u ro p h i ls  a re  
re le a s e d ,  so r e s u l t s  us ing  i t  may not be p h y s io lo g ic ly  r e l e v a n t .  Other 
au th o rs  u s in g  the  same n e u tro p h i l  system have found o th e r
re c e p to r -d r iv e n  even ts  to  be a lso  PHMPSA-sensitive, e .g .  
HAGG-stimulated, to  mimic immune complexes (v ia  FC r e c e p to r s )  and 
opsonised zymosan s t im u la te d ,  to mimic b a c te r i a  or complement (v ia  
C3bi r e c e p to r s )  and FMLP s tim u la ted  (v ia  chem otactic  p e p t id e s  
mimicking N-formyl m ethionine, the  end aminoacid an a l l  p rokaryo te  
p r o te in s )  ROS production  [166,196,198,200]. G rea te r  in h ib i t i o n
fo llow ing  PHMPSA trea tm en t was observed in these  r e p o r t s ,  p robab ly  due 
to  m ethodological d i f f e r e n c e s ,  s in ce  cy tocha la s in  B and Ca++ and Mg++ 
were added to  th e  c e l l s  in the  experiments c a r r ie d  out in t h i s  t h e s i s
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to  in c re a se  0^ ou tp u t,  b u t  t h i s  was not done in th e  p rev ious  r e p o r t s .  
C y tochalas in  B was added to  enable ROS p roduc tion  to  occur 
independently  of phagocy tosis .
The n e u t ro p h i l  experiments could thus be in te r p r e te d  in  a number 
of ways, e .g .  PHMPSA could be in h ib i t in g  re c e p to r - l ig a n d  in te r a c t io n s  
(im ply ing  t h a t  SH groups a re  important in the a c t iv e  s i t e  of ^he 
re c e p to r )  an d /o r  s ig n a l  tran sd u c tio n  mechanisms (im plying  th a t  SH 
groups on or n ea r  G -transducing  p ro te in s  are  b locked ) . The in h ib i to r y  
e f f e c t  o f  PHMPSA on HAGG s t im u la t io n  i s  most l i k e l y  due to  in h ib i t i o n  
of Fc re c e p to r  fu n c t io n ,  s in ce  -SH groups a re  known to  be im portan t 
fo r  t h i s .  The in h ib i to r y  e f f e c t  of PHMPSA on opsonised zymosan i s  add, 
s in ce  -SH groups a re  no t involved in C3bi re cep to r  b in d in g , however an 
S-S bond i s  im portant fo r  i t s  function  [199,200].
A l te r n a t iv e  ex p lan a tio n s  fo r  the  in h ib i to ry  e f f e c t s  of 
PHMPSA on mitogen s t im u la ted  p r o l i f e r a t i o n  could be due to  in h ib i t i o n  
of s ig n a l  t ra n sd u c t io n  mechanisms by in h ib i t in g  -SH groups on or near  
the  G -transducing  p ro te in  linked to the recep to r ,  o r  in h ib i t i o n  of the  
in te r a c t io n  o f  P50 and P75 to  form the HA re c e p to r  i f  S-S l inked . 
Experiments were c a r r ie d  out to t ry  to  f in d  which o f these  
p o s s i b i l i t i e s  apply to the  in h ib i t io n  of c e l l  p r o l i f e r a t i o n .  
“Educated” c e l l s  provided a " u se fu l  model to  in v e s t ig a te  these  
p o s s i b i l i t i e s .  Taking “ educated” c e l l s  which a lre ad y  express  th e  high 
a f f i n i t y  IL-2 r e c e p to r ,  subsequent p r o l i f e r a t i o n  in response  to  IL-2 
was in h ib i te d  eq u a l ly  over the  range 0-1000 IU/ml fo llow ing  PHMPSA 
tre a tm en t.  T h is  in h ib i t i o n  of p r o l i f e r a t i o n  could be in te r p r e te d  as 
p a r t l y  due to  in h ib i t i o n  of IL-2 binding to i t s  re c e p to r ,  b u t  s in ce
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u s in g  HuT c e l l s  b ind ing  was found to  be on ly  32% in h ib i t e d ,  while 
p r o l i f e r a t i o n  o f “ educa ted” c e l l s  was in h ib i te d  to  90%, one would 
expect an o th er  in h ib i to r y  mechanism to  be in o p e ra t io n ,  fo r  example 
in h ib i t i o n  o f  s ig n a l  . t ra n sd u c t io n .  The f a c t  t h a t  i n h ib i t i o n  Was 
e q u iv a le n t  u s in g  p h y s io lo g ic a l  doses of IL-2 0-100 IU/ml t h a t  
s t im u la te s  th e  high a f f i n i t y  re c ep to r  [201,202] and pharm acologica l 
d oses  [201,202] of IL-2 100-1000 IU/ml ( t h a t  under .c e r ta in  
c ircum stances  a re  ab le  to  s t im u la te  the  in te rm ed ia te  a f f i n i t y  re c e p to r  
to  work in  i s o l a t i o n  [201,202,203,204]) showed t h a t  both  the  high 
a f f i n i t y  and th e  in te rm ed ia te  a f f i n i t y  re c ep to rs  a re  in h ib i te d  from 
IL-2 b in d in g  and /o r  s ig n a l  t ra n sd u c tio n .  I f  the high a f f i n i t y  IL-2 
re c e p to r  i s  d is u lp h id e - l in k e d  dimer of ot and (3 ch a in s ,  PHMPSA would 
n o t  be expected to  unlock such a bond and re le a s e  the  in te rm e d ia te  
a f f i n i t y  re c e p to r  to  work alone [201,203], thus  i t  cannot be 
i n h ib i t i n g  p r o l i f e r a t i o n  by the  breaking of d isu lp h id e  bonds. The f a c t  
t h a t  p rev io u s  r e p o r t s  have shown th a t  even in the  p resence  o f  anti-TAC 
high doses of IL-2 can fo rce  the  in te rm ed ia te  a f f i n i t y  re c e p to r  to  
work a lone  may suggest t h a t  the high a f f i n i t y  r e c e p to r  i s  n o t  
d is u lp h id e - l in k e d ,  and th a t  the  «  and (3 chains can be expressed  and 
fu n c tio n  independently  o f  each o th e r ,  but sometimes fu n c tio n  
s y n e r g i s t i c a l l y . Since the  “ educated” c e l l s  a re  formed s o le ly  by FCS 
s t im u la t io n  and no t by mitogens, one might envisage t h a t  n o t a l l  the  
in te rm e d ia te  a f f i n i t y  r e c e p to r s  w i l l  be engaged to  form the  high 
a f f i n i t y  r e c e p to r s ,  and some may s t i l l  be f r e e ,  so th e  f in d in g  of 
equal in h ib i t i o n  a t  high doses of IL-2 sugges ts  th a t  even f r e e  
in te rm e d ia te  a f f i n i t y  re c e p to r s  cannot allow p r o l i f e r a t i o n  fo llow ing  
PHMPSA trea tm en t.
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Since in h ib i t i o n  a t  both p h y s io lo g ic a l  and pharm acological doses 
of IL-2 was a l s o  observed when c e l l s  were t r e a te d  w ith  PHMPSA b e fo re  
ed uca tion  to  exp ress  high a f f i n i t y  re c ep to rs ,  and the  f a c t  t h a t  the  
a c t i v a t io n  a n t ig e n s  CD25 and HLA-DR were not a f f e c t e d ,  su g g es ts  that, 
p a r t i a l  a c t i v a t io n  of th ese  c e l l s  was u n a ffec ted  by PHMPSA. I t  i s  
p o s s ib le  t h a t  lack  of p r o l i f e r a t i o n  using such c e l l s  r e s u l te d  from 
e i t h e r  a  p a r t i a l  lack  of IL-2 b ind ing  to  in te rm e d ia te  a f f i n i t y  
r e c e p to r s  and c o r r e c t ly  formed high a f f i n i t y  re c e p to r s  and /o r  
i n h ib i t i o n  of s ig n a l  t r a n sd u c t io n .  However, i f  th e  high a f f i n i t y  
r e c e p to r  i s  a d isu lp h id e  c ro ss - l in k ed  dimer formed between 
f u n c t io n a l ly  im portant SH groups on P55 (ft  chain ) and P75 («  cha in )
p r o te in s ,  one could envisage t h a t  PHMPSA trea tm en t a lthough  no t 
i n h ib i t i n g  CD25 induc tion  or exp ress ion , could i n h i b i t  the  form ation
.of fu n c t io n a l  h igh a f f i n i t y  re c e p to r s  by blockading SH groups on both  
p r o te in s .  S ince in te rm ed ia te  a f f i n i t y  re c ep to rs  a re  p re s e n t  even on 
r e s t i n g  c e l l s  [203] and FCS may no t be expected to  cause a l l  th ese  
r e c e p to r s  to  be involved in h igh a f f i n i t y  r e s e p to r  form ation , one 
might have expected high doses of IL-2 to  be ab le  to  bind IL-2 and 
t ransduce  p r o l i f e r a t i v e  s ig n a l s  independently  of the  ft chain . Since
even a t  pharm acological doses of IL-2 no p r o l i f e r a t i o n  was observed,
one must assume th a t  e i t h e r  IL-2 b ind ing  to  the  a  chain  and /o r s ig n a l  
t ra n sd u c t io n  was a lso  in h ib i te d .
One could envisage th e  p o s s i b i l i t y  t h a t  th e re  a re  i n t r i n s i c  
d i f f e r e n c e s  in the  p r o p e r t i e s  of P75 in r e s t in g  and a c t iv a te d  T c e l l s  
and th a t  PHMPSA p re - t r e a tm e n t  of c e l l s  being “ educated” or 
u n f r a c t io n a te d  PBMNC, in some way a f f e c t s  P75 a c t i v a t io n  subsequen tly
I
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i n h i b i t i n g  i t s  a b i l i t y  to transduce p r o l i f e r a t i v e  s ig n a l s ;  
a l t e r n a t i v e l y  P75 a c t i v a t io n  could involve th e  in d u c tio n  of y e t  
ano ther  a s  y e t  no t recognised p ro te in ,  which i s  i t s e l f  PHMPSA 
s e n s i t i v e ,  req u ire d  fo r  IL-2 b inding  and/or s ig n a l  t ra n s d u c t io n .
Turning  to  th e  CON-A induced suppressor assay , i f  p r o l i f e r a t i n g  
c e l l s  a r e  n e ce ssa ry  fo r  suppressor ac tion  and i f  the  HuT experim ents
I
a re  su b seq u en tly  confirmed to  be t ru e ,  i . e .  PHMPSA i n h i b i t s  IL-2 
b ind ing  to  th e  high a f f i n i t y  re c ep to r ,  and i t  can be shown t h a t  a 
sm all i n h ib i t i o n  in b ind ing  can lead to  a d ram atic  i n h ib i t i o n  of c e l l  
p r o l i f e r a t i o n ,  then one could i n te r p r e t  the  a b i l i t y  of PHMPSA to 
i n h i b i t  the  “ activation** of CON-A induced suppresso r  c e l l s  in a 
dose-dependent manner as merely confirming the  view th a t  the  assay  i s  
an in v i t r o  a r t i f a c t  and th a t  the  in h ib i to ry  phenomenon observed i s  
merely th e  r e s u l t  o f  d e p le t io n  of IL-2 fo r  use by responder c e l l s  by 
p r o l i f e r a t i n g  CD25+ T„ c e l l s  and i t  would imply t h a t  SH groups a re  
im portan t in  the  b ind ing  s i t e  of the high a f f i n i t y  re c e p to r .  Evidence 
f o r  the  e x is te n c e  o f  CD25 on CON-A induced suppresso r c e l l s  comes from 
work from Uchiyama [205,205a]. Evidence to  suggest t h a t  ve ry  few IL-2R 
need to  be occupied to  mediate p r o l i f e r a t i o n  comes from work by Depper 
who showed t h a t  a d d i t io n  of even small amounts of p u r i f i e d  IL-2 to  
a n t ig e n -s t im u la te d  c u l tu r e s  in the presence of anti-TAC com pletely  
abrogated  th e  in h ib i to r y  e f f e c t  of anti-TAC. He was of course  n o t  a b le  
to  measure th e  am o u n t of IL-2 produced by the  c e l l s  a l r e a d y  a t  or 
near the  c e l l  su r fa c e  [204]. I f  however the  HuT experim ents  a re  
subsequen tly  proved wrong,or a s l i g h t  in h ib i t io n  in IL-2 b ind ing
cannot lead  to  a dram atic  in h ib i t io n  of p r o l i f e r a t i o n ,  i t  might
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sugges t  t h a t  PHMPSA i n h i b i t s  the a c t i v i t y  of CON-A induced suppresso r  
c e l l s  by in h ib i t i n g  s ig n a l  t ran sd u c tio n  mechanisms from th e  IL-2 
r e c e p to r s  which may be necessary  fo r  t h e i r  fu n c t io n .  A l te rn a t iv e ly ^  
IL-2 and IL-2R may have no importance in the  a c t i v i t y  of su p p re sso r  
c e l l s  and an a l t e r n a t i v e  exp lana tion  i s  req u ire d ;  i t  i s  f e l t  th a t  t h i s  
i s  more l i k e l y  s in ce  o therw ise  t h e i r  induction  would a lso  have been 
PHMPSA-sensitive.
To e x p la in  the  i n a b i l i t y  of PHMPSA to  i n h i b i t  the  “ in d u c t io n ” of 
CON-A induced supp resso r  c e l l s ,  in the  l i g h t  of r e s u l t s  from HuT 
c e l l s ,  “ educa ted” c e l l s  and p r o l i f e r a t i v e  and Ig  producing experim ents 
u s in g  PBMNC, one would have to  hypothesize  th a t  p r o l i f e r a t i o n  i s  no t a 
p r e r e q u i s i t e  fo r  “ in d u c t io n ” of suppresso r c e l l s  and th a t  IL-2 and 
IL-2 re c e p to r s  a re  p robably  not involved in the  e a r ly  s ta g e s  of 
su p p resso r  c e l l  development. I f  the  assay  i s  merely an iri v i t r o  
a r t i f a c t ,  th e  i n a b i l i t y  of p re tre a tm en t  with PHMPSA to  i n h i b i t  
subsequent supp resso r  c e l l  induc tion  would suggest t h a t  i t  d id  no t  
i n h i b i t  IL-2  b ind ing , s in ce  o therw ise  supp ress ion  would have been 
blocked as  in  the  a c t i v i t y  experim ent. So, t h i s  experim ent tends  to  
r e f u t e  the  o b je c t io n s  which imply th a t  t h i s  assay  i s  an a r t i f a c t  of 
IL-2 consumption, and tend to  suggest th a t  CON-A induc tion  and 
a c t i v a t io n  of supp resso r  c e l l s  does not involve p r o l i f e r a t i n g  c e l l s .  
D esp ite  n o t  t e s t i n g  whether added IL-2 in h ib i te d  supp resso r  a c t i v i t y  
( th e  d i r e c t  way to  t e s t  whether the  assay  is  an a r t i f a c t ) ,  v a r io u s  
p ie c e s  o f  evidence sugges t  t h a t  i t  i s  n o t ,  bu t  r e p re s e n ts  t r u e  
su p p ress io n  by suppresso r  c e l l s  and /or t h e i r  s o lu b le  suppresso r 
f a c to r s ,  in c lu d in g  1) th e  f a c t  PHMPSA d id  not always s u b s t a n t i a l l y
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i n h i b i t  su p p re sso r  a c t i v i t y  in normals; i f  an a r t i f a c t ,  i t  should have 
c o n s i s t e n t ly  in h ib i te d  i t ;  2) when CON-A induced suppresso r  c e l l s  a re  
h arvested  a t  48 hours, the CD25 an tigen  w i l l  n o t be maximally
expressed; t h i s  would only happen a t  day 2 of the  c o - c u l tu r e  and IL-2 
production  from responder c e l l s  would only be maximal, a t  day 3 of the 
c o -c u l tu re ,  y e t  s u b s t a n t i a l  suppressor a c t i v i t y  i s  observed in k in e t i c  
experim ents even on day Z o f the c o -c u l tu re  in a l l  p a t i e n t  groups and 
normals, su g g es t in g  IL-2 i s  not necessary  fo r  supp ress ion  to  occur; 3) 
i t  would seem more reasonable  to  expect th a t  t o t a l  in h ib i t i o n  of 
b ind ing  of IL -2 to  i t s  recep to r  would be needed to  ex p la in  th e  t o t a l  
o b l i t e r a t i o n  o f  a c t i v i t y  fo llow ing PHMPSA trea tm en t were i t  an
a r t i f a c t ,  and PHMPSA only p a r t i a l l y  i n h ib i t s  IL-2 b ind ing  in HuT 
experim ents; 4 ) the  high a f f i n i t y  re c ep to r  i s  only  p re s e n t  on
p r o l i f e r a t i n g  T - c e l l s  [205] and th e re  a re  s e v e ra l  r e p o r t s  su g g es tin g  
p r o l i f e r a t i o n  i s  n o t needed fo r  suppressor c e l l  a c t i v i t y  [70,.141)], and 
s t ro n g  m itogen ic  responses  a re  not necessary  fo r  supp resso r  c e l l  
a c t iv i ty )  and good suppress ion  i s  s t i l l  observed a t  non m itogenic  doses 
[1], and su p p resso r  c e l l  a c t i v i t y  i s  p r e f e r e n t i a l l y  p re s e n t  in h igh 
d e n s i ty  poo rly  p r o l i f e r a t e d  c e l l s  [208]; 5) th e re  i s  evidence th a t  
fu n c t io n a l  Tg c e l l s  occur even under co n d itio n s  where p r o l i f e r a t i o n  i s  
no t o ccu rr in g  su g g es tin g  a d is s o c ia t io n  between p r o l i f e r a t i o n  3nd 
d i f f e r e n t a t i o n  s ig n a l s  fo r  Tg c e l l s  [206,207]; 6) a lack  of
c o r r e la t io n  between CON-A induced suppressor a c t i v i t y  and IL-2 
c o n ce n tra t io n s  (produced by p r o l i f e r a t i n g  c e l l s )  in RA NSAID and 
normals (d a ta  n o t shown) . found in t h i s  p r o je c t  perhaps imply 
p r o l i f e r a t i o n  i s  no t needed fo r  suppression; 7) suppresso r c e l l  
a c t i v i t y  has been observed as e a r ly  as 6 hours a f t e r  CON-A trea tm en t
bu t s i g n i f i c a l l y  r a i s e d  ^H-TdR inco rpo ra tion  i s  only d e te c te d  a f t e r  44 
hours [101]; 8) s in c e  CD25 expression  i s  only  u p -reg u la te d
co n s id e rab ly  in  p r o l i f e r a t i n g  c e l l s ,  S<? i f  p r o l i f e r a t i n g  c e l l s  
producing  IL-2 [205 ,194 ](where th e re  is  a 8 -1 0 -fo ld  in c re a se  in  CD25 
express ion  and a 20-30% f a l l  in HA expression) a re  n o t  n ecessa ry  f o r  
supp ress ion  ex p re ss io n ,  i t  would suggest^- th a t  the  amount of CD25 
express ion  on such c e l l s  would be i n s u f f i c i e n t  to  reduce. IL-2 l e v e l s  
so d ram m atica lly  t h a t  th e re  would be i n s u f f i c i e n t  fo r  responder c e l l s ;  
9) two p ap ers  in d ic a ted  a d i r e c t  e f f e c t  of CON-A induced Tc c e l l s  on 
IL-2 independent c e l l  l i n e s  [209,210]. Thus, we sugges t  t h a t  IL-2, 
CD25 and p r o l i f e r a t i n g  c e l l s  a re  not necessa ry  f o r  in d u c tio n  or 
express ion  of su p p resso r  c e l l s .
I f  however IL-2 consumption by b inding  to CD25+ in LA and HA
re c e p to r s  on a c t iv a te d  c e l l s  does account fo r  the  induc tion  and
k  H Jr Syiferun a\Lt are. Qnjek ,
a c t i v i t y  of su p p resso r  c e l l s a one must assume th a t  a c t i v a t io n  s ig n a l
tra n sd u c t io n  from the  P75 p ro te in  of the HA IL-2 re c e p to r  i s  no t
th io l-d e p e n d e n t ,  b u t p r o l i f e r a t i v e  s ig n a ls  from the  P75 p ro te in  o f the
HA IL-2 re c e p to r  a re  th io l-d ep en d en t ,  a lack o f  e f f e c t  on the
induction  could a lso  imply t h a t  the  HA IL--2R i s  no t d is u lp h id e  l in k ed ;
s in ce  the  same high a f f i n i t y  recep to r  i s  involved in both  in s ta n c e s ,
one could env isage  i t s  l inkage  to  d i f f e r e n t  G -transducing  p r o te in s
depending on the  s t a t e  of a c t iv a t io n  of the  c e l l ^  and th a t  on ly
tran sd u c in g  p ro te in s  used l a t e  in the  c e l l  cycle  a re  th io l -d e p e n d e n t ,
e .g .  a G - t r a n sd u c in g  p ro te in  causing a r i s e  in c y c l i c  AMP in  the  G -> s  o
G^a t r a n s i t i o n  and perhaps a G  ^ transducing  p ro te in  caus ing  a f a l l  in 
c y c l ic  AMP in the  G^a  -» S t r a n s i t i o n ;  a l t e r n a t i v e l y  the  IL-2 re c e p to r
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could be linked  to  the  same G -transducing p ro te in  throughout the  c e l l
c y c le ,  b u t  i t  could be linked  to d i f f e r e n t  second messanger g e n e ra t in g
enzymes depending on the  s t a t e  of a c t iv a t io n  of the  c e l l  and perhaps
depending on which enzyme i t  i s  a sso c ia ted  w ith , i t s  conform ation
could be a l t e r e d  exposing SH groups only im portant fo r  . i t s  func tion
l a t e  in  the  c e l l  cy c le  G1 -> G , e .g .  adenyl c y c la se  producing c y c l i c
la s
AMP in th e  G -» G. t r a n s i t i o n ,  and guanyl cy c la se  producing c y c l i c  o l a
GMP in the  G^a -> S t r a n s i t i o n  to  induce p r o l i f e r a t i o n  [211]; t h i s  i s  
p robab ly  th e  more l i k e l y  mechanism, s ince  th e re  a re  many in s ta n c e s  
where i t  occurs  in b io logy .
**********
We th e re fo re  sugges t  th a t  one exp lana tion  f o r  the e f f e c t s  of
PHMPSA and in a l l  the  assays  used in t h i s  p r o j e c t  i s  t h a t  p a r t i a l
activation  or competence sign a ls  ( i . e .  -> G^  ) are not SH-dependent
mechanisms, and so IL-2, IL-1 and j'-IFN p ro d u c tio n ,  CD25, HLA-DR
in d uc tion  and ex p re ss io n , and “ in d u c tio n ” of CON-A induced suppresso r
c e l l s  and a c t i v a t io n  s ig n a l s  from the IL-2 re c e p to r  a re  n o t  a f f e c te d
by PHMPSA or H2O2 , whereas some progression  s ig n a l s  f o r  p r o l i f e r a t i o n
and d i f f e r e n t a t i o n  ( i . e  G^ -» S -» M) are  th io l-d ep e n d e n t  mechanisms,
e .g .  CON-A induced suppresso r  c e l l  “ a c t i v i t y ” and p r o l i f e r a t i v e
s ig n a l s  from the  HA or P75 IL-2 recep to r .  I t  i s  proposed th a t  the
d i f f e r e n t  e f f e c t s  of PHMPSA on the  a c t i v i ty  but n o t in duc tion  of CON-A
induced su p p resso r  c e l l s  im plies  th a t  IL-2 and IL-2R a re  no t involved ,
and t h a t  o th e r  a c t i v a t io n  a n tig en s  expressed l a t e r  in the  c e l l  cy c le
may be in h ib i te d  by PHMPSA or H„0o . A th io l  dependence l a t e  in the£» /->
suppresso r  T - c e l l  cyc le  would make them more s im i la r  to  NK c e l l s  [212]
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than  most T - c e l l s  [179]. At f i r s t  s ig h t  t h i s  h ypo thes is  would seem 
im possib le  in  the  l i g h t  of d a ta  in d ic a t in g  h igh  spontaneous 
p r o l i f e r a t i o n  and IgG sy n th e s is  in BA from PBMNC, which would be 
o c cu r r in g  a t  p h y s io lo g ic a l  c o n ce n tra t io n s  of IL -2 , su g g es tin g  t h a t  
p r o l i f e r a t i o n  must be o ccu rr ing  v ia  a p ro p e r ly  formed high a f f i n i t y  
re c e p to r  (n o t  by P75 working in i s o l a t i o n )  and th a t  -SH o x id a t io n  does 
no t i n h i b i t  th e  a b i l i t y  of P75 and P55 to i n t e r a c t  by d is u lp h id e  
c r o s s - l in k in g  to  form the  high a f f i n i t y  re cep to r :  however, one cduld 
env isage  t h a t  RA c e l l s  have become a c t iv a te d  fo r  some unknown reason 
and a re  ex p ress in g  high a f f i n i t y  IL-2 r e c e p to r s ,  and one could 
s p e c u la te  t h a t  th ese  a re  d isu lp h id e  l inked , and under o x id is in g  
c o n d it io n s  the  r e c e p to r  i s  kept locked in t h i s  form p re v e n t in g  i t s  the  
dow n-regula tion  which i s  v i t a l  fo r  the  normal r e g u la t io n  of the  immune 
response [213], Since th e  high a f f i n i t y  rec ep to r  has a .kd o f  10 pM 
(u n l ik e  the  LA re c e p to r  with a kd of 10 nM or the IA re c e p to r  w ith  a 
kd of 1 nM) and tak es  advantage of the  f a s t  b ind ing  c a p a c i ty  of the (3 
chain  and slow re le a s in g  cap a c i ty  of the  chain , i t  i s  a b le  to  be 
s t im u la te d  by very  sm all amounts of IL-2, so one would no t  need 
d is tu rb a n c e s  in IL-2 p roduction  fo r  u n con tro lled  immune respones to  
occur, and locked in t h i s  form one could imagine an u n c o n tro lled  
immune response  causing  B -c e l l  d i f f e r e n t i a t i o n  and p r o l i f e r a t i o n  to  
IgG s y n th e s is  and u n co n tro l le d  T - c e l l  p r o l i f e r a t i o n .  One could 
envisage  t h a t  su lp h y d ra te  drugs re -reduce  the  high a f f i n i n t y  re c e p to r ,  
thus  a llow ing  the  dow n-regula tion  of the  immune reponse.
We sugges t  th a t  experim ents need to be c a r r ie d  ou t to  d i r e c t l y  
answer the  q u es t io n  as  to  whether the  high a f f i n i t y  re c e p to r  i s  a
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d is u lp h id e - l in k e d  heterodim er and whether PHMPSA tre a tm en t p re v e n ts
c r o s s - l in k in g .  I t  has been shown th a t  ^  ft chain  can form
disul]p .hide-linked homodimers ab le  to  bind two m olecules of IL-2,
su g g es tin g  bo th  chains  must have t h i o l  groups. Other a u th o rs  have
!
shown th a t  HuT [215] and human [216] Tac an tig e n s  c o n ta in  d is u lp h id e  
in t r a c h a in  bonds, .cx- chains  have no t been shown to  form 
d is u lp h id e - l in k e d  homodimers suggesting  th a t  they do no t c o n ta in  SH 
groups [214]; however t h i s  could be due to  s t e r i c  h indrances  
p re v e n t in g  homodimer form ation , but the  chains  may be ab le  to  
a s s o c ia te  w ith  the  ft cha ins . I t  i s  very l ik e ly  th a t  cx and ft ch a in s  a re  
p h y s ic a l ly  linked  in view of the f a c t  th a t  an ti-T A C ' mab i n h i b i t s  
p r o l i f e r a t i o n  v ia  high a f f i n i t y  re cep to rs  bu t only b inds  to  the  ft 
cha in , and in view of the  f a c t  th a t  the t r i p a r t i t e  complex of « ,  ft, 
and IL-2 i s  i n t e r n a l i s e d ,  supporting  a  view of a s t a b l e  a s s o c ia t io n  of 
th e se  p r o te in s  in  the  HA recep to r  [217]. D isu lph ide  l inked  
h e te ro d im eric  re c e p to r s  a re  common f in d in g s  in immunology, e .g .  MHC 
class. I I  a n t ig e n s ,  Ti of the  T - c e l l  re c e p to r ,  e t c . . . .  One method to  
examine t h i s  p o s s i b i l i t y  would be to compare SDS g e l  e le c t r o p h o r e s i s  
bands a f t e r  T c e l l  a c t i v a t io n .  Under reducing  c o n d i t io n s  (2-ME) 
followed by a lk y la t io n  to  p reven t S-S bonds reform ing, the 
c ro s s - l in k e d  dimer ( i f  p r e s e n t )  would appear as  two s in g le  bands 
re p re se n t in g  a  and ft chains  r e s p e c t iv e ly ,  whereas under non-reducing  
c o n d it io n s  the  heterodim er would remain as a s in g le  high m olecu lar 
weight band. To confirm  the  d isu lp h id e  c r o s s - l in k in g  one could 
p r e - t r e a t  c e l l s  w ith  PHMPSA befo re  mitogen s t im u la ted  a c t i v a t io n  and 
compare the  bands ob ta ined  under reducing arid non-reducing c o n d i t io n s  
again : i f  c r o s s - l in k in g  i s  involved in high a f f i n i t y  r e c e p to r
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fo rm ation  th en , fo llow ing  PHMPSA trea tm ent under both  reducing  and 
non-reducing  c o n d i t io n s ,  two s in g le  bands should be v i s i b l e .
We a l s o  sugges t  t h a t  Mabs need to be developed s p e c i f i c a l l y  to  
P75 to  e s t a b l i s h  whether PHMPSA trea tm en t a f f e c t s  P75 exp ress ion  or 
in d uc tion  ( s in c e  r e s t i n g  c e l l s  have 600 -  700 in te rm e d ia te  a f f i n i t y
s i t e s ,  b u t  a c t iv a te d  c e l l s  have 2000 - 4000 high a f f i n i t y  s i t e s  i f
un ifo rm ly  d i s t r i b u t e d  on r e s t i n g  c e l l s ,  su g g es t in g  a 3 -  6 fo ld
in c re a se  in  in te rm e d ia te  a f f i n i t y  recep to r  [203], i f  however the  P7b 
i s  no t un iform ely  d i s t r i b u t e d  on r e s t in g  c e l l s  i t  might imply th a t  i t  
i s  s e l e c t i v e l y  expressed on only a defined  su b se t  o f  r e s t i n g  c e l l s  and 
absen t on o th e r s ) ,  o r a b i l i t y  to bind IL-2 or transduce  s ig n a l s .
W hils t Mabs to  human P75 remain u n av a ilab le ,  NK c e l l s  th a t  exp ress  the  
ci chain  in  th e  absence of ft chains  (2 3 0 0 /c e l l )  [218,219] may prove
u se fu l  in  experim ents  designed to look a t  the  th io l  dependance of IL-2 
b ind ing  and tra n sd u c t io n  mechanisms from P75. In  p a r t i c u l a r ,  
experim nts need to  be designed to  see i f  —SII c o n ta in in g  G -p ro te in s  a re  
involved in  the  a c t iv a t io n  s ig n a l .
R ecen tly  th e  s u b je c t  of T - c e l l  suppressor a c t i v i t y  has become a 
c o n t r o v e r s i a l  a re a ,  and a number of papers by some eminent
immunologists have been w r i t t e n  sp ec u la t in g  even on th e  very  e x is te n c e  
of Tg c e l l s :  in p a r t i c u l a r  they questionned th e  e x is te n c e  of
A g -sp ec if ic  Tg c e l l s ,  siBout which c e r t a in l y  l e s s  i s  known. The 
co n tro v e rsy  reg a rd in g  Ag-non-speofu. Tc c e l l s  r e l a t e s  in p a r t i c u l a r  toU
the  f a c t  t h a t  i t  may r e p re se n t  an in v i t r o  a r t i f a c t  f o r  reasons  
a lre ad y  d e sc r ib ed  w ith  re s p e c t  to  the  CON-A induced su p p re sso r  assay . 
One of th e se  arguments -  i , e .  the  p o s s i b i l i t y  t h a t  the  i n h ib i to r y
I
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phenomemon could be due to IL-2 consumption - has a l s o  been used to  
c a s t  doubt on v a r io u s  o th e r  in v i t r o  a ssa y s ,  in c lu d in g  
a l lo - A g - s p e c i f ic  Tg c e l l s ,  spontaneous Tg c e l l s  and perhaps even SLSA, 
in f a c t  any in  v i t r o  assay  where Tg c e l l s  may be p r o l i f e r a t i n g  and 
e x p re ss in g  CD25. F u r th e r  reasons  fo r  d i s b e l ie v in g  the  e x is te n c e  of 
A g -sp ec if ic  Tg c e l l s  have been given by M oller [220]. He q u e s t io n s  the  
assumption t h a t  A g -sp ec if ic  Tc c e l l s  a re  a s e p a ra te  T - c e l lU
subpopu la t ion  fo r  the  fo l lo w ig  reasons: 1) th e re  i s  no marker f o r  
d i s t in g u i s h in g  suppresso r  from cy to tox ic  c e l l s :  th u s ,  a pure
suspension  of Tc c e l l s  has never been seen; 2) the  su p p resso r  I - J  geneU
cannot be found in the  p lace  where i t  has been mapped; 3) A g -sp ec if ic  
Tg c lo n es  o r hybridomas have nonsense rearrangem ents of ^enes f o r  the  
T - c e l l  r e c e p to r ,  or e l s e  the  genes are  t o t a l l y  d e le te d :  in c o n t r a s t  T^ 
and T^ , c lo n es  have fu n c t io n a l  genes for the T - c e l l  r e c e p to r .  Other 
reasons in c lu d e  the  everchanging and fash ionab le  a t t r i b u t e s  a sc r ib e d  
to  su p p resso r  f a c to r s ;  the  immence complexity of th e se  c e l l s ,  f a c to r s  
and i n t e r a c t i o n s  p o s tu la te d ;  and the  lack of knowledge about n e a r ly  
every im portan t c h a r a c t e r i s t i c  o f  Tg c e l l s ,  e .g .  s p e c i f i c i t y ,  MHC 
r e s t r i c t i o n ,  frequency o f r e a c t in g  c e l l s ,  mechanism of su p p re ss io n  and 
t a r g e t  of su p p ress io n .  O thers ,  in rep ly  to these  s ta te m e n ts ,  suggested  
t h a t  phenomena observed in v a r io u s  experiments should no t be d ism issed  
simply because of our p re s e n t  lack  of unders tanding  in t h i s  f i e l d .  
These workers pu t  forward the  fo llow ing exp lan a tio n s  fo r  some o f the 
confusing  experim ental r e s u l t s  to  d a te ,  and g ive  some very  good 
reasons fo r  b e l ie v in g  in the  e x is ten c e  of Tc c e l l s  [221-225]. In b r i e f  
they sugges t  t h a t  1) Tg c e l l s  show unique a c t iv a t io n  requ irem en ts  th a t  
d i s t in g u i s h  them from T^ and T^ c e l l s ,  i . e .  an tigen  non s p e c i f i c  t Tg
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c e l l s  r e q u i r e  suboptim al doses of mitogen whose p resence  must no t be 
long l a s t i n g  and a l lo a n t ig e n  and an tigen  s p e c i f i c  Tc c e l l s  r e q u ireU
optim al o r  supraop tim al doses of an tigen  fo r  op tim al a c t i v a t i o n ,  they
show unique in d ic a to r  c u l tu re  requirem ents, e .g .  superop tim al
responder c e l l  numbers fo r  optim al a n t ig e n - s p e c i f i c  su p p resso r
exp ress ion  and suboptimal responder c e l l  numbers fo r  op tim al
n o n - s p e c i f ic  supp resso r  exp ress ion ; 2) some Tg c e l l s  do show MUG
r e s t r i c t i o n ,  e .g .  T g ^  c e l l s  a re  r e s t r i c t e d  by HLA-DQ; 3) Tc. c e l l s
show a b ia s  toward p a r t i c u l a r l y  high c o n n e c t iv i ty ;  4) T~ c e l l s  doo
p r e f e r e n t i a l l y  express  c e r t a in  markers, e .g .  CD11 on CD8h c e l l s  and 
CD45R on T g ^ ;  5) Tg c e l l s  probably  do not have a unique su r fa c e  Ag, 
s in c e ,  l i k e  in te r le u k in  p ro d u c tio n ,  suppressor a c t i v i t y  i s  probably  
the  r e s u l t  o f  a  v a r i e ty  of c e l l s  with d i f f e r e n t  phenotypes; 6) only  
fo r  those  Tg c e l l s  where MHC r e s t r i c t i o n  is  claimed must an TCR be 
found: i n t e r e s t i n g l y  a d im eric  S-S linked 90 kd p ro te in  has been found 
in mouse monoclonal a n t ig e n - s p e c i f i c  suppressor T - c e l l s  [226]; 7) i f
you only  reg a rd  a T - c e l l  as b ea r in g  a T -c e l l  r e c e p to r ,  then no Tc c e l l
v j
e x i s t s ,  however i t  could be t h a t  a d i s t i n c t  s e t  o f  re a r ra n g in g  
fa m i l ie s  -  as  y e t  unknown - e x i s t  fo r  th e i r  T - c e l l  re c e p to r ;  8) i t  may 
no t  be n ecessa ry  fo r  Tg c e l l s  to  have T -c e l l  r e c e p to r s  s in c e  CD44-CD8+ 
i n t e r a c t i o n s  could involve  id io ty p ic  reco g n itio n  of Ag fragm ents on 
CD4+ or an a n t i - i d i o t y p i c  rec o g n i t io n  by Tc of Tg^j T - c e l l  r e c e p to r ,  
thus  avo id ing  the  need to  d i r e c t l y  in t e r a c t  w ith  Ag; 9) t h e i r  
e x is ten c e  i s  in fe r r e d  from the  f a c t  th a t  one cannot e x p la in  the  
behaviour o f  the  immune system in a l l  s i tu a t io n s  s o le ly  on the  b a s is  
of B, T^, T^ and monocytes a lone; 10) the I - J  molecule i s  now regarded 
no t as a supp resso r  marker b u t  i s  thought to be a d a p t iv e ly  acqu ired
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and to  r e p re s e n t  an id io ty p e  of the T c e l l  r e c e p to r ,  so c e l l s  may 
n o t  recogn ize  an tig en  bu t an id io type  on T c e l l  re c e p to r s  which i s  
an tig en  s p e c i f i c ;  11) Tg c e l l s  are  not one ca tego ry  of c e l l s  bu t l ik e  
the  T^ j c e l l s  re p re se n t  a heterogeneous ca tego ry  com prising c e l l s  
showing a n t ig e n  s p e c i f i c  g e n e t ic  r e s t r i c t i o n s ,  non a n t ig e n  s p e c i f i c
fu n c t io n s ,  d i f f e r i n g  c e l l  s u r fa ce  markers and d i f f e r i n g  e f f e c t o r  
fu n c t io n s ;  12) the  main problems i n i t i a l l y  found in  g e t t i n g  c lo n ab le  
Tg c e l l s  was simply because CD8 c e l l s  when cloned were c e l l s ,
however i t  i s  now p o s s ib le  to  clone Tg c e l l s  which behave 
su p p re ss iv e ly  in a non c y to to x ic  fashion in an IL-2 c o n ta in in g  medium
w ith  au to logous an tigen  primed CD4, T„ T feeder c e l l s ;  13) T~ andb/1 L S
fu n c t io n s  may re p re se n t  d i f f e r e n t  s t a t e s  of a c t iv a t io n  o f CD8 c e l l s ,  
c e l l s  be ing  v i r g in  c e l l s ,  and Tg being memory c e l l s  a s  occu rs  in B 
and CD4 p o p u la t io n s ;  14) i t  i s  suggested th a t  th e re  a re  too many 
examples o f  supp resso r  phenomena in vivo in animal models to  q u es t io n  
the  e x is te n c e  of the  phenomenon i t s e l f ;  15) a re c en t  p iece  o f  evidence 
p rov id ing  a s t ro n g  argument a g a in s t  the c u re n t ly  fa sh io n ab le  c r i t i c i s m  
of the  e x is te n c e  of Tg c e l l s  comes from Kolsh [227], who has
s u c c e s fu l ly  induced mouse a n t ig e n - s p e c i f ic  Tg c e l l s  w ith  low dose 
a n tig en ,  which could be s u c c e s fu l ly  cloned and expressed  ct-f?-TCR, 'and 
showed I - J  o r  I-E r e s t r i c t i o n ,  -expressed th ese  a n t ig e n s  and did
fu n c tio n  su p p re ss iv e ly  in v i t r o  and in vivo.
The c h a llen g e  fo r  the  fu tu re  i s  to  provide s a t i s f a c t o r y  p roof of 
t h e i r  e x is te n c e  and p la u s ib le  exp lana tions  fo r  the  mechanisms of 
nonantigen s p e c i f i c ,  and c e r t a i n l y  of more b io lo g ic a l  s ig n i f i c a n c e ,  
an tigen  s p e c i f i c  supp resso r  c e l l s .
342
Although s in ce  the  1970's re sea rch  on autoimmune d i s e a s e  has been 
dominated by the  idea  t h a t  autoimmunity happens in an o the rw ise  normal 
human b e in g  because of d e fe c t iv e  re g u la to ry  T c e l l  c i r c u i t s ,  the 
r e s u l t  o f  d e f e c t iv e  number and /o r fu n c tio n s  of Tg c e l l s ,  one could 
q u e s t io n  whether t h i s  i s  the  c o r r e c t  view fo r  th e  fo llow ing  reason: 
one would expec t t h a t  a g e n e ra l is e d  non s p e c i f i c  re d u c t io n  in number 
and fu n c t io n s  of Tg c e l l s  would be followed by s im ultaneous responses 
to  many d i f f e r e n t  au to an t ig en s ,  and t h i s  does no t happen. Autoimmune 
d i s e a s e s  a re  u s u a l ly  based on immune responses to  s in g le  a u to an t ig en s  
or a re  t i s s u e  s p e c i f i c ,  and when two autoimmune d i s e a s e s  a re  p re se n t  
in one in d iv id u a l  th e re  i s  u s u a l ly  a time lag  in the  o n se t  between the 
two. The a u to a n t ib o d ie s  t h a t  r e s u l t  a re  r e s t r i c t e d  in s p e c i f i c i t y  and 
id io ty p e ,  su g g es tin g  th a t  th e re  i s  no t a g e n e ra l is e d  breakdown of the  
to le ra n c e  mechanism, b u t  a h igh ly  s p e c i f i c  abnorm ality  in th e  immune 
system; p o s s ib ly  in only  c e r t a in  suppressor systems or perhaps even a t  
the  le v e l  o f  B c e l l s  making the  au to an t ib o d ie s  or even excess a c t i v i t y
I
of c e l l s .  As such, a r e c e n t ly  proposed a l t e r n a t i v e  view i s  th a t
autoimmunity could occur in a g e n e t i c a l ly  p red isposed  in d iv id u a l  
co n ta in in g  p re - fo rb id d en  p a th o lo g ic a l  c lones which e v e n tu a l ly  under 
c e r t a in  environm ental c o n d i t io n s  form forbbiden c lo n es  w ith re c e p to r s  
r e a c t iv e  to  c e r t a in  au to  a n tig en s  [228].
C h a t to p ad h y a y ^ [230] found in a p a t i e n t  w ith X -linked 
hypogammaglobulinemia and a r t h r i t i s  th e re  was excess  spontaneous 
supp resso r  a c t i v i t y  in the  SF lymphocytes and blood and no 
a c t i v i t y .  He suggested t h a t  RA p a t i e n t s  who are  hypogammaglobulinemic 
may have r a is e d  CD8+ c e l l  numbers or a c t i v i t y ,  whereas those  showing
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hypergammaglobulinemia may have low CD8+ c e l l  numbers and a c t i v i t y .  
Since a r t h r i t i s  was p re se n t  even in these  p a t i e n t s  w ith  excess  
suppresso r a c t i v i t y ,  i t  may be hypothesised th a t  having su p p resso r  
a c t i v i t y  does no t  n e c e s s a r i ly  p ro te c t  an in d iv id u a l  from j o i n t  
problems. N e ith e r  can i t  be s a id  th a t  absence of su p p re sso r  c e l l s  i s  a 
“ s in e  qua non" fo r  p roduction  of a r t h r i t i s ,  s in c e  p a t i e n t s  can be 
found who a re  hypogammaglobulinaemic and a r t h r i t i c ,  and th e r e f o r e  w ith  
suppresso r c e l l s  [229]. T herefo re^ lack  of suppresso r a c t i v i t y  may no t  
be a prim ary d e f e c t ,  bu t could determine the  c h r o n ic i ty  o f  j o i n t  
inflammation and damage. L ong itud ina l s tu d ie s  a re  needed to  a s c e r t a in  
i f  d e fe c t iv e  su p p resso r  a c t i v i t y  leads to worsening j o i n t  problems.
i
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CHAPTER 5 . 2 -  CONCLUSION
The aim o f t h i s  p r o je c t  was to a s s e s s  what a sp e c ts  of
immunoregulation may be mediated by c e l l  su r fa ce  su lphydry l g roups. As 
such, t h i s  p r o j e c t  has shown t h a t  serum t h i o l s  a re  reduced in  RA-NSAID 
and th a t  CON-A induced and s h o r t - l iv e d  supp resso r a c t i v i t y  a re
d e f e c t iv e  in  PBMNC from p a t i e n t s  with RA-NSAID and o th e r  d i s e a s e s  
a s s o c ia te d  w ith  excess ive  inflammation and d ysfunc tion  o f .  th e  immune 
system, e .g .  SLE. However, the  CON-A induced suppresso r a c t i v i t y  i st
n o t  d e fe c t iv e  in rheum atic  d is e a s e s  a sso c ia ted  w ith  inflamination and 
only  mild o r  no immune d y s fu n c tio n ,  l ik e  AS and PSA.
2-ME tre a tm e n t  in v i t r o  im p r o v e d  d e fe c t iv e  CON-A induced
su p p resso r  a c t i v i t y  in RA NSAID and RA p a t i e n t s  on su lp h y d ra te  d rugs
showed supp resso r  a c t i v i t y  in both assays.
PHMPSA and ^ ^ 2  in h ib i te d  CON-A induced suppresso r  c e l l  a c t i v i t y  
in a dose dependent manner, suggesting  th a t  o x id a tio n  of c e l l  s u r fa c e  
SH groups in  v ivo may be one f a c to r  to account fo r  the  d e f e c t iv e  
a c t i v i t y  in  RA-NSAID, thus  the  hypothesis  d iag ram m atica lly  d e p ic te d  on 
the  fo llow ing  page was proposed. The cycle  could be s e l f - p e r p e t u a t in g  
in view o f th e  f a c t  t h a t  c e r ta in  T^ c e l l s  may themselves r e g u la te  a 
RQS produc tion  [231].
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D e f e c t i v e  s u p p r e s s o r  fu n c tio n
l r y  o r  2 r y  d e f e c t i v e  iimnunoregulation
Whether p re s e n t  as a primary d e fe c t  lead ing  to  the  development of 
the  autoimmune s t a t u s  or secondary to  d is ea s e  a c t i v i t y ,  i t  can c l e a r l y  
be seen t h a t  impaired suppresso r c e l l  a c t i v i t y  due to c e l l  s u r fa c e  SH 
o x id a tio n  could p lay  an im portant perm issive  r o l e  by a llow ing  the 
express ion  and /o r  p e rp e tu a t io n  of damaging immune r e a c t io n s  d i r e c te d  
u l t im a te ly  a g a in s t  the  synov ia l  j o i n t s ,  such as c y to to x ic  r e a c t io n s  
a g a in s t  sy n o v ia l  c e l l s ,  excessive  and monocyte and n e u t ro p h i l
a c t i v i t y ,  lo s s  of to le ra n c e  and B c e l l  h y p e ra c t iv i ty .
To e x p la in  the  i n h ib i to r y  e f f e c t  of PHMPSA on CON-A induced
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su p p re sso r “ a c t i v i t y ” bu t no t “ in d u c tio n ” and y e t  i t s  in h ib i to r y  
e f f e c t s  on CON-A induced p r o l i f e r a t io n ,  i t  i s  hypo thesized  th a t  
p ro life ra tio n  i s  p robab ly  no t necessary  fo r su p p re sso r c e l l  “ induction** 
o r “ a c t i v i t y ” in  a PWM s tim u la te d  Ig  producing in d ic a to r  system , and 
th a t  v ia  an unknown mechanism independent o f IL-2 and IL -2 re c e p to r s ,  
on ly  su p p re sso r “ activ ity**  i s  -SH dependent. T h is might happen v ia  
PHMPSA in h ib i t io n  o f in d u c tio n , ex p ress io n , b in d in g  o r s ig n a l
tra n sd u c tio n  from t r a n s ie n t  Tg re c e p to rs  th a t  appear l a t e r  in  th e  c e l l  
c y c le . I t  a lso  su g g es ts  th a t  d i f f e r e n t  a sp e c ts  o f c e l l  a c t iv a t io n  by 
t h i s  m itogen ic  le c t in  have d i s t i n c t  SH group involvem ent.
R esu lts  from “ educated** c e l l s  and m ito g en -s tim u la ted  PBMNC
su g g est th a t  e a r ly  ev en ts  in  the T -c e ll  c y c le  may n o t be -SH
dependent. These ev en ts  in c lu d e  competence s ig n a ls  fo r  a c t iv a t io n  and 
growth ( i . e .  IL -1 , IL -2 and j'-IFN p roduction , a lso  CD25 and HLA-DR 
e x p re ss io n ) , su p p resso r c e l l  in d u c tio n  and i n i t i a l  s ig n a l  tra n sd u c tio n  
mechanisms from P?5 fo r  growth s t im u li .  However, ev en ts  l a t e r  in th e  
T c e l l  c y c le , l ik e  p ro g re ss io n  s ig n a ls  fo r  p r o l i f e r a t i o n ,  may be t h io l  
dependent, and they  may in c lu d e  s ig n a l tra n sd u c tio n  v ia  P ^ 5  fo r  
p r o l i f e r a t i o n .
To e x p la in  h y p e rp ro lif e ra t io n  of T- and B -c e lls  in  RA in  v ivo  
d e s p ite  o x id a tiv e  c o n d itio n s , i t  i s  proposed th a t  th e  h igh  a f f i n i t y  
IL-2 re c e p to r  may be d isu 'lp h id e  linked  and “ locked** in  t h i s  form,
th e re fo re  unable to  undergo down re g u la tio n . A c tiv a ted  monocytes and 
con tam inating  a c tiv a te d  n e u tro p h ils  in mononuclear c e l l  p re p a ra t io n s ,
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spon tan eo u sly  producing  in h ib ito ry  ROS and p ro s ta g la n d in  could  p a r t ly  
account fo r  d e fe c t iv e  m itogen -stim u la ted  sup p resso r c e l l  p ro d u c tio n , 
reduced IL-2 p ro d u c tio n  and d e fe c tiv e  p ro l i f e r a t io n  and Ig  p ro d u c tio n  
in  RA. A lte rn a t iv e ly ,  excess s e n s i t iv i ty  of RA c e l l s  to  in h ib i to r y  
e f f e c t s  of th e se  ag en ts  combined w ith in t r in s ic  d e fe c ts  in T - c e l ls  
could accoun t fo r  th e se  phenomema.
O ther im m unoregulatory fu n c tio n s  th a t  appear to  be dependent on
c e l l  su rfa c e  -SH groups included p r o l i f e r a t iv e  resp o n ses  to  PHA,
CON-A, PWM and anti-CD3 mab; they  a lso  included PWM s tim u la te d  Ig
♦ _
s e c re t io n  from B c e l l s ,  FMLP stim u la ted  n e u tro p h il 0^, p ro d u c tio n  and
4-4
IL -2 b in d in g  to  i t s  h igh  a f f i n i t y  re c ep to r , bu t th e  l a t t e r  on ly  to  a 
s l i g h t  e x te n t .
O ther im m unoregulatory a sp e c ts  th a t  appear n o t to  be dependent on 
c e l l  s u rfa c e  -SH groups inc lu d e  the ex p ress io n  o f v a rio u s  
c o n s t i tu t iv e ly  expressed  su rfa c e  an tig en s  (CD2, CDS, CD8,*CD4, CD45R, 
CDW29, CD57, CD11, HLA-DR and CD37); they a lso  in c lu d e  th e  in d u c tio n  
and ex p ress io n  of th e  a c t iv a t io n  an tig en s  HLA-DR and CD25, and f i n a l l y  
th e  p ro d uction  o f IL -2 . I t  was suggested th a t the  p ro d u c tio n  o f IL-1 
and ?'-IFN was n o t -SH dependent s in ce  CD25 and HLA-DR an tig en  
in d u c tio n  re s p e c tiv e ly  were u n a ffac ted  by H .-^ o r PHMPSA tre a tm e n t.
The p a r a l l e l  e f f e c t s  o f H^02 and PHMPSA and th e i r  s e le c t iv e n e s s  
in in h ib i t in g  on ly  c e r ta in  c e l l  fu n c tio n s  suggest th a t  on ly  s p e c i f ic  
a sp e c ts  o f im m unoregulation appear to  be mediated by c e l l  su r fa c e  -SH 
g ro u p s .
!
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CHAPTER 5.3 - FUTURE AIMS
To r e f u te  o r confirm  the  hypo thesis  proposed in  t h i s  th e s i s ,  one 
would need to  show a c o r r e la t io n  between reduced su p p resso r c e l l  
a c t i v i t y ,  low membrane -SH groups and ra is e d  background ROS p ro d u c tio n  
in  in d iv id u a l RA p a t ie n t s .  One would need to  c o r r e la te  n o rm a lisa tio n  
of membrane -SH groups w ith  improved su p p resso r a c t i v i t y  and reduced 
background ROS p ro d u c tio n  in  lo n g itu d in a l s tu d ie s  of RA p a t ie n t s  on 
su lp h y d ra te  tre a tm e n t.
Experim ents need to  be c a r r ie d  out to  a s s e s s  w hether 2-ME 
trea tm en t in  v i t r o  improves d e fe c tiv e  SLSA in RA-NSAID.
I n v e s t ig a t io n s  a re  re q u ire d  to  a sse ss  what s p e c i f ic  membrane 
p ro te in s ,  g ly c o p ro te in s  o r l ip o p ro te in s  in te r a c t  w ith  PHMPSA and cause 
subsequent in h ih i t io n  o f c e l l  fu n c tio n . I t  i s  a lso  n e ce ssa ry  to  
d ec ip h e r what ro le  they  p lay  in c e l l  fu n c tio n . I t  i s  n ecessa ry  to  
a sse ss  w hether -SH blockade or o x id a tio n  a f f e c t s  th e  fu n c tio n s  of 
im m unoregulatory im portan t su rfa c e  an tig e n s , l ik e  CD4, CD8, CD45R, 
e tc ,  and th e  u p -re g u la tio n  of expression  of CD4 and CD8 a n tig e n s  which 
can occur under c e r ta in  c ircum stances.
Experim ents need to  be c a r r ie d  out to  a s s e s s  w hether u s in g  a 
v a r ie ty  o f in  v i t r o  su p p resso r a ssay s  in the same RA in d iv id u a l and 
u sin g  c e l l s  from d i f f e r e n t  compartments, l ik e  b lood , SF and SM; 
d e fe c ts  occur s im u ltan eo u sly  in v a rio u s  system s and in v a r io u s
!
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com partm ents. B e tte r  s t i l l ,  one needs to  d e te c t  and p u r if y  the 
a u to an tig en s  re sp o n s ib le  fo r  the  development of th e  .autoimmune RA 
d is e a s e , and then  use them to  develop in v i t r o  su p p resso r a ssay s  in 
o rd er to  m onito r th e  re g u la tio n  of immune responses to  such a n tig e n s . 
Such a ssay s  would be more re le v a n t to  RA and would be u s e fu l fo r  
t e s t in g  novel pharm acolog ical a n ti-rh eu m a tic  ag en ts .
One should  use CD3+CD8+ or CD3+CD4+CD45R+ and CD3+CD4+CDW29+ 
c e l l s ,  o b ta in ed  by “ n e g a tiv e  panning** to  a sse ss  which o f the  
d i f f e r e n t  fu n c tio n s  m ediated by the 3 c e l l  su b se ts  (su p p re ss io n , help  
and su p p re ss io n /in d u c tio n  re s p e c tiv e ly )  i s  more s e n s i t iv e  to  -SH 
blockade 01? o x id a tio n .
L o n g itu d in a l s tu d ie s  on a la rg e r  p o p u la tio n  of RA p a t ie n ts ,  
follow ed from e a r ly  s y n o v it is  onwards, a re  needed to  a s s e s s  w hether 
d e fe c t iv e  SLSA and CON-A induced suppresso r a c t i v i ty  c o r r e la te  w ith  
d is e a se  a c t i v i t y  an d /o r d is e a s e  d u ra tio n . I f  su p p resso r d e fe c ts  were 
observed even in  p a t ie n ts  w ith  no or inild a c t i v i ty ,  then one m ight 
hypo thesize  th a t  such d e fe c ts  a re  prim ary (and im portan t in  the 
p a th o g en es is  o f RA), n o t secondary .
Advances in  the  knowledge of the supp resso r c e l l  s u b se ts  and 
tech n iq u es  fo r  p u r ify in g , id e n tify in g  and study ing  them, may p e rm it a 
c le a re r  un d ers tan d in g  o f which c e l lu la r  p o p u la tio n s  the  su p p resso r 
d e fe c ts  l i e  in , and may a llow  more d i r e c t  experim ental approaches 
aimed a t  t e s t in g  novel su lp h y d ra te  drugs w ith  le s s  to x ic  s id e  e f f e c t s ,
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b e t t e r  e f f ic a c y , f a s t e r  a c t i v i ty ,  b e t te r  b io a v a i l a b i l i ty  o f th e i r  -SH 
groups, and f i n a l ly  which a re  b e t te r  p ro te c te d  from m etabo lic  
in a c t iv a t io n  p a th s .
So f a r ,  co n v en tio n a l RA trea tm en t i s  non s p e c i f ic  and g e n e ra lly
system ic  r a th e r  than s p e c i f ic  fo r  the  inflammed j o i n t ,  and may be
follow ed by s e r io u s  com p lica tio n s  and g en e ra l immune su p p re ss io n . To
d a te ,  th e  on ly  d i r e c t  approaches to  sy n o v ia l j o i n t  involvem ent a re
i n t r a - a r t i c u l a r  in je c t io n s  o f s te ro id s  or synovectomy, b u t bo th  a re
o fte n  fo llow ed by re la p s e s .  S ince chron ic  inflam m ation i s  m ain tained
as a consequence o f d e fe c ts  in the  immunoregulatory system and s in c e
•
su p p resso r c e l l s  e x e r t  th e i r  fu n c tio n s  e i th e r  by c e l l - c e l l  c o n ta c t o r
by p ro d u c tio n  o f so lu b le  re g u la to ry  substances [2 ] , i t  may be p o s s ib le
to  improve lo c a l  im munoregulation by a d m in is tra tio n  of Ag non s p e c if ic
SIRS o r ag en ts  such as SISST or SISSB i n t r a - a r t i c u l a r l y . The in  vivo
a d m in is tra tio n  of in v i t r o  generated  SIRS to  young NZB/'NZW mice has
proved su c c e s fu l in  p re v e n tin g  the  onset o f SLE in  th e se  an im als [233,
234]. A lte rn a tiv e ly , Ag s p e c if ic  and non s p e c if ic  T f a c to r s ,  o r even
S
Tg c e l l s  them selves [232] may be employed. Such tre a tm e n ts  may have 
longer l a s t in g  b e n e f ic ia l  e f f e c t s .  I f  the d e fe c t were a t  th e  le v e l of 
Tg c e l l  a c t iv a t io n ,  then perhaps suppresso r a c t iv a t in g  f a c to r s  [235] 
o r Tg^j- c e l l  a d m in is tra tio n  might be b e n e f ic ia l :  Sim ultaneous
i n t r a - a r t i c u l a r  in je c t io n s  of hyalu ron ic  acid  and album in, to g e th e r 
w ith  the  ag en ts  mentioned above, may be necessa ry  to  no rm alise  th e  ' SF 
compartment, and consequen tly  improve the lu b r ic a t in g  p ro p e r t ie s  of SF
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and i t s  in flu en c e  on the  fu n c tio n s  of SH c e l l s  and lym phatic c e l l s  
bathed  in  i t  [236].
There i s  a need fo r  a w ider range of th e ra p e u t ic a l ly  e f f e c t iv e  
ROS scavengers  to  p rev en t the  o x id a tio n  of fu n c tio n a lly  im p o rtan t c e l l  
su rfa c e  SH groups.
Once su p p resso r and h e lp e r fa c to r s  have been c h a ra c te r is e d  more 
f u l l y ,  one could  a sse ss  whether fu n c tio n a lly  im portan t -SH groups a re  
p re se n t on th e se  f a c to r s ,  and whether t h e i r  o x id a tio n  r e s u l t s  in 
a l te r e d  a c t i v i t y .
One could  encourage an a l t e r a t io n  in RA '“e a tin g  h a b its '* , and 
sugge s t  d i e t s  r ic h  in  -SH groups to c o rre c t the  reduced th io l  le v e l s ,  
d i e t s  r ic h  in  prim rose o i l  and f i s h  o i l s  to  a l t e r  membrane f a t t y  a c id s  
and th e re fo re  a l t e r  phospho lipase  h y d ro ly tic  p ro d u c ts  -  which m ight 
reduce the  p ro d u c tio n  o f d is e a se  promoting PGs and le u k o tr ie n e s  -  and 
f i n a l ly  d i e t s  r ic h  in v itam in  E to  p reven t l ip id  o x id a tio n .
One could  ad m in is te r a n t i - id io ty p ic  Abs to  cause Ag s p e c i f ic  
c lo n a l d e p le t io n  to  e lim in a te  pathogenic  lymphocytes or m odulate a 
s p e c i f ic  immune response . However, f i r s t  the  au to an tig en  must be 
id e n t i f ie d ,  and s in ce  a v a s t  number of a n t i - id io ty p ic  Abs m ight need 
to  be given due to  the  s tro n g  polymorphism o f th e  h is to c o m p a tib i l i ty  
Ags, i t  may be b e t te r  to  use Ab’s  d ire c te d  to  t r a n s ie n t ly  exp ressed  
a c t iv a t io n  a n tig e n s . A p o s s ib i l i t y  i s  the a d m in is tra tio n  o f anti-CD25 
Mab, o r IL -2 bound to  a to x in  to g e th e r w ith low doses o f cy c lo spo rin -A
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(which s e le c t iv e ly  k i l l s  Tu in p re fe ren ce  to  Tc c e l l s ) ,  in o rd e r to
c re a te  s e le c t iv e  immune su p p ress io n , such as in h ib i t io n  o f pa thogen ic
c lo n es  o f Tu o r B -c e lls  w h ils t  sp a rin g  Tc c e l l s ,  as  has a lre ad y  been 
n .j
done s u c c e s fu l ly  in  p re v e n tin g  re je c t io n  of a l l o g r a f t s  in  anim al 
models [237].
A d m in is tra tio n  o f immunoregulatory lymphokines, l ik e  r-IFN  or
IL -2 , may prove b e n e f ic ia l  in p a t ie n ts  w ith  RA to  improve NK and
su p p resso r a c t i v i t y .
S ep a ra tio n  of RA lymphoid su b se ts  is  n ecessa ry  in o rd e r to  c a r ry  
ou t in  v i t r o  t e s t s  to  c o r r e la te  phenotypic •and fu n c tio n a l 
c h a r a c t e r i s t i c s ,  a lso  to  a s s e s s  what a sp e c ts  o f abnormal c e l l  
behav iour a re  the  most im portan t and v a luab le  to  c o r r e c t .  T his w il l  
enab le  th e  d esign  o f novel d ru g s , capable of sw itch in g  th e  d is e a s e  o f f  
a t  an e a r ly  s tag e  b e fo re  a p p re c ia b le  damage to  the j o i n t  t i s s u e s  has 
o c c u rre d .
A lthough i t  seems reaso n ab le  to  hypo thesize  th a t  d e fe c tiv e  
su p p resso r a c t i v i t y  i s  a prim ary abnorm ality  in  RA, one' must check
th a t  th e  d e fe c t  i s  n o t secondary to  d e fe c tiv e  a c t i v i t y .  (
One needs to  a s s s e s s  w hether d e fe c tiv e  su p p resso r a c t i v i t y  i s  due 
to  d e fe c tiv e  p ro d u c tio n  an d /o r a c t iv a t io n  of SISS-T and SISS-B from Tg 
c e l l s .  -
In  view o f the  in h ib i to r y  e f f e c t s  th a t  su lp h y d ra te  re a g en ts  (DTT,
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GSH and L -c y s te in e )  have on d isu lp h id e  c o n ta in in g  re c e p to r s  -  e .g .  
C3bi, [199,200] i t  would be in te re s t in g  to  look a t  th e  e f f e c t s  of 
such re a g e n ts  and 2-ME on o th e r d isu lp h id e  lin k ed  re c e p to rs  (T i of 
T - c e l l  r e c e p to r s ,  CD28, CD8 and perhaps HA IL-2R). T h is m ight a llo w  
th e  assessm ent o f whether the  d isu lp h id e  bond i s  n ecessa ry  e i th e r  to  
hold th e  two monomers in  ju x ta p p o s itio n  fo r  p ro d u c tio n  o f an a c t iv e  
b in d in g  s i t e ,  o r fo r  su c c e ss fu l s ig n a l tra n sd u c tio n . A lte rn a t iv e ly ,  as 
has been suggested  in  a re c e n t a r t i c l e ,  a g o n is t b in d in g  to  i t s  
re c e p to r  i s  thought e i th e r  to  promote d isu lp h id e  exchange re a c t io n s  by 
b reak in g  d isu lp h id e  bonds to  form SH groups and su b seq u en tly  a t ta c h in g  
i t s e l f  to  th e  a c tiv e  s i t e  by forming d isu lp h id e  bonds v ia  i t s  SH 
groups, o r i t  may cause c leavage of in tram o lecu la r d isu lp h id e  b r id g e s  
and tran sfo rm  th e  re c e p to r  in to  a s t r u c tu r a l ly  a l te r e d  s t a t e  capab le  
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SULPHYDRYL-OEPENDENT SUPPRESSOR CELL FUNCTION IN 
RHEUMATOID ARTHRITIS (RA)
Catherine Brown; ND HalL
Bath Institute for Rheumatic Diseases, RNHRD and Pharmacology Group, University 
of Bath.
Suppressor cell activity is virtually absent in rheumatoid synovial membrane (1) 
and may be impaired in the circulation (2). We have investigated whether these 
findings could be due to oxidation of membrane sulphydryl (SH) groups.
Peripheral blood mononuclear cells (MNC) were obtained from 22 healthy controls, 
13 RA subjects receiving NSAID only and 6 patients with ankylosing spondylitis (AS). 
Suppressor activity was induced by incubation with Con A for 48 hrs and assayed in 
a second culture of autologous ceils generating IgG in response to pokeweed mitogen. 
Surface SH groups were blocked with pHMPSA (50pM) for 1 hr at 37° either before 
or at the end of the 48 hr Con A culture.
Normal MNC generated maximum suppressor activity (median 89%) after culture 
with 10 pg/ml Con A. Induction of suppressor activity was unaffected by 
pretreatment with pHMPSA. However, blockade of SH groups after induction 
markedly impaired suppressor function (median 24%, p<0.001 cf untreated).
Rheumatoid MNC generated less suppressor activity in response to Con A (median 
51%, p=0.0Q2 cf controls). However, preincubation with an SH-reducing agent 2- 
mercaptoethanol enhanced suppressor cell activity to control levels (median 82%). 
Con A-induced suppression by AS cells was normal (median 84%).
These results indicate that suppressor cell activity may be impaired in RA 
following oxidation of surface SH groups. Thus the chronic inflammatory process 
may contribute to local immune dysregulation in the rheumatoid synovial membrane.
1. Chattopadhyay C et al. Scand J Immunol 1979;10:479-86.
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